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Description 

FIELD OF THE INVENTION 

The invention relates to the isolation, characterization and utilization of the causative agent of the 
Mystery Swine Disease (MSD). The invention utilizes the discovery of the agent causing the disease and 
the determination of its genome organization, the genomic nucleotide sequence and the proteins encoded 
by the genome, for providing protection against and diagnosis of infections, in particular protection against 
and diagnosis of MSD infections, and for providing vaccine compositions and diagnostic kits, either for use 
with MSD or with other pathogen-caused diseases. 

BACKGROUND 

In the winter and early spring of 1991, the Dutch pig industry was struck by a sudden outbreak of a new 
disease among breeding sows. Most sows showed anorexia, some aborted late in gestation (around day 
110), showed stillbirths or gave birth to mummified fetuses and some had fever. Occasionally, sows with 
bluish ears were found, therefore the disease was commonly named "Abortus Blauw". The disease in the 
sows was often accompanied by respiratory distress and death of their young piglets, and often by 
respiratory disease and growth retardation of older piglets and fattening pigs. 

The cause of this epizootic was not known, but the symptoms resembled those of a similar disease 
occurring in Germany since late 1990, and resembled those of the so-called "Mystery Swine Disease" as 
seen since 1987 in the mid-west of the United States of America and in Canada (Hill, 1990). Various other 
names have been used for the disease, in Germany it is known as "Seuchenhafter Spatabort der 
Schweine", and in North-America it is also known as "Mystery Pig Disease" , "Mysterious Reproductive 
Syndrome", and "Swine Infertility and Respiratory Syndrome". In North-America, Loula (1990) described 
the general clinical signs as: 

1) Off feed, sick animals of all ages 

2) Abortions, stillbirths, weak pigs, mummies 

3) Post farrowing respiratory problems 

4) Breeding problems. 

No causative agent has as yet been identified, but encephalomyocarditis virus (EMCV), porcine parvo 
virus (PPV), pseudorabies virus (PRV), swine influenza virus (SIV), bovine viral diarrhea virus (BVDV), hog 
cholera virus (HCV), porcine entero viruses (PEV), an influenza-like virus, chlamidiae, leptospirae, have all 
been named as possible cause (Loula, 1990; Mengeling and Lager, 1990; among others). 

SUMMARY OF THE INVENTION 

The invention provides a composition of matter comprising isolated Lelystad Agent which is the 
causative agent of Mystery Swine Disease, said Lelystad Agent essentially corresponding to the isolate 
Lelystad Agent (CDI-NL-2.91) deposited 5 June 1991 with the Institut Pasteur, Paris, France, deposit 
number 1-1102. The words "essentially corresponding" refer to variations that occur in nature and to 
artificial variations of Lelystad Agent, particularly those which still allow detection by techniques like 
hybridization, PCR and ELISA, using Lelystad Agent-specific materials, such as Lelystad Agent-specific 
DNA or antibodies. 

The composition of matter may comprise live, killed, or attenuated isolated Lelystad Agent; a recom- 
binant vector derived from Lelystad Agent; an isolated part or component of Lelystad Agent; isolated or 
synthetic protein, (poly)peptide, or nucleic acid derived from Lelystad Agent; recombinant nucleic acid 
which comprises a nucleotide sequence derived from the genome of Lelystad Agent; a (poly)peptide having 
an amino acid sequence derived from a protein of Lelystad Agent, the (poly)peptide being produced by a 
cell capable of producing it due to genetic engineering with appropriate recombinant DNA; an isolated or 
synthetic antibody which specifically recognizes a part or component of Lelystad Agent; or a recombinant 
vector which contains nucleic acid comprising a nucleotide sequence coding for a protein or antigenic 
peptide derived from Lelystad Agent. 

On the DNA level, the invention specifically provides a recombinant nucleic acid, more specifically 
recombinant DNA, which comprises a Lelystad Agent-specific nucleotide sequence shown in figure 1. 
Preferably, said Lelystad Agent-specific nucleotide sequence is selected from anyone of the ORFs (Open 
Reading Frames) shown in figure 1 . 
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On the peptide/protein level, the invention specifically provides a peptide comprising a Lelystad Agent- 
specific amino acid sequence shown in figure 1 . 

The invention further provides a vaccine composition for vaccinating animals, in particular mammals, 
more in particular pigs or swines, to protect them against Mystery Swine Disease, comprising Lelystad 
5 Agent, either live, killed, or attenuated; or a recombinant vector which contains nucleic acid comprising a 
nucleotide sequence coding for a protein or antigenic peptide derived from Lelystad Agent; an antigenic 
part or component of Lelystad Agent; a protein or antigenic polypeptide derived from, or a peptide 
mimicking an antigenic component of, Lelystad Agent; and a suitable carrier or adjuvant. 

The invention also provides a vaccine composition for vaccinating animals, in particular mammals, more 
10 in particular pigs or swines, to protect them against a disease caused by a pathogen, comprising a 
recombinant vector derived from Lelystad Agent, the nucleic acid of the recombinant vector comprising a 
nucleotide sequence coding for a protein or antigenic peptide derived from the pathogen, and a suitable 
carrier or adjuvant. 

The invention further provides a diagnostic kit for detecting nucleic acid from Lelystad Agent in a 
75 sample, in particular a biological sample such as blood or blood serum, sputum, saliva, or tissue, derived 
from an animal, in particular a mammal, more in particular a pig or swine, comprising a nucleic acid probe 
or primer which comprises a nucleotide sequence derived from the genome of Lelystad Agent, and suitable 
detection means of a nucleic acid detection assay. 

The invention also provides a diagnostic kit for detecting antigen from Lelystad Agent in a sample, in 
20 particular a biological sample such as blood or blood serum, sputum, saliva, or tissue, derived from an 
animal, in particular a mammal, more in particular a pig or swine, comprising an antibody which specifically 
recognizes a part or component of Lelystad Agent, and suitable detection means of an antigen detection 
assay. 

The invention also provides a diagnostic kit for detecting an antibody which specifically recognizes 
25 Lelystad Agent in a sample, in particular a biological sample such as blood or blood serum, sputum, saliva, 
or tissue, derived from an animal, in particular a mammal, more in particular a pig or swine, comprising 
Lelystad Agent; an antigenic part or component of Lelystad Agent; a protein or antigenic polypeptide 
derived from Lelystad Agent; or a peptide mimicking an antigenic component of Lelystad Agent; and 
suitable detection means of an antibody detection assay. 
30 The invention also relates to a process for diagnosing whether an animal, in particular a mammal, more 
in particular a pig or swine, is contaminated with the causative agent of Mystery Swine Disease, comprising 
preparing a sample, in particular a biological sample such as blood or blood serum, sputum, saliva, or 
tissue, derived from the animal, and examining whether it contains Lelystad Agent nucleic acid, Lelystad 
Agent antigen, or antibody specifically recognizing Lelystad Agent, said Lelystad Agent being the causative 
35 agent of Mystery Swine Disease and essentially corresponding to the isolate Lelystad Agent (CDI-NL-2.91) 
deposited 5 June 1991 with the Institut Pasteur, Paris, France, deposit number 1-1102. 

DETAILED DESCRIPTION OF THE INVENTION 

40 The invention is a result of combined efforts of the Central Veterinary Institute (CVI) and the Regional 
AnimalHealth Services (RAH S) in the Netherlands in trying to find the cause of the new disease MSD. 
Farms with pigs affected by the new disease were visited by field veterinarians of the RAHS. Sick pigs, 
specimens of sick pigs, and sow sera taken at the time of the acute and convalescent phase of the disease 
were sent for virus isolation to the RAHS and the CVI. Paired sera of affected sows were tested for 

45 antibodies against ten known pig-viruses. Three different viruses, encephalomyocarditis virus, porcine 
entero virus type 2, porcine entero virus type 7, and an unknown agent, Lelystad agent (LA), were isolated. 
Sows which had reportedly been struck with the disease mainly seroconverted to LA, and hardly to any of 
the other virus isolates or the known viral pathogens. In order to reproduce MSD experimentally, eight 
pregnant sows were inoculated intranasal^ with LA at day 84 of gestation. One sow gave birth to seven 

so dead and four live but very weak piglets at day 109 of gestation; the four live piglets died one day after 
birth. Another sow gave birth at day 116 to three mummified fetuses, six dead piglets and three live piglets; 
two of the live piglets died within one day. A third sow gave birth at day 117 to two mummified fetuses, 
eight dead and seven live piglets. The other sows farrowed around day 115 and had less severe 
reproductive losses. The mean number of live piglets from all eight sows at birth was 7.3 and the mean 

65 number of dead piglets at birth was 4.6. Antibodies directed against LA were detected in 10 out of 42 serum 
samples collected before the pigs had sucked. LA was isolated from three piglets that died shortly after 
birth. These results justify the conclusion that LA is the causal agent of mystery swine disease. 



4 



EP 0 587 780 B1 



LA grows with a cytopathic effect in pig lung macrophages and can be identified by staining in an 
immuno-peroxidasemonolayer assay (IPMA) with postinfection sera of pigs c 829 and b 822, or with any of 
the other postinfection sera of the SPF pigs listed in table 5. Antibodies to LA can be identified by indirect 
staining procedures in IPMA. LA did not grow in any other cell system tested. LA was not neutralized by 

5 homologous sera, or by sera directed against a set of known viruses (Table 3). LA did not haemagglutinate 
with the red blood cells tested. LA is smaller then 200 nm since it passes through a filtre with pores of this 
size. LA is sensitive to chloroform. The above results show that Lelystad agent is not yet identified as 
belonging to a certain virus group or other microbiological species. It has been deposited 5 June 1991 
under number 1-1102 at Institute Pasteur, France. 

m The genome organization, nucleotide sequences, and polypeptides derived therefrom, of LA have now 
been found. These data together with those of others (see below) justify classification of LA (hereafter also 
called Lelystad Virus or LV) as a member of a new virus family, the Arteriviridae. As prototype vjrus of this 
new family we propose Equine Arteritis Virus (EAV), the first member of the new family of which data 
regarding the replication strategy of the genome and genome organization became available (de Vries et al., 

15 1990, and references therein). On the basis of a comparison of our sequence data with those available for 
Lactate Dehydrogenase- Elevating Virus (LDV; Godeny et al., 1990), we propose that LDV is also a member 
of the Arteriviridae. 

Given the genome organization and translation strategy of Arteriviridae it seems appropriate to place 

this new virus family into the superfamily of coronaviruses (Snijder et al., 1990a). 
20 Arteriviruses have in common that their primary target cells in respective hosts are macrophages. 

Replication of LDV has been shown to be restricted to macrophages in its host, the mouse, whereas this 

strict propensity for macrophages has not been resolved yet for EAV, and LV. 

Arteriviruses are spherical enveloped particles having a diameter of 45-60 nm and containing an 

icosahedral nucleocapsid (Brinton-Damell and Plagemann, 1975; Horzinek et al., 1971; Hyllseth, 1973). 
25 The genome of Arteriviridae consists of a positive stranded polyadenylated RNA molecule with a size of 

about 12-13 kilobases (kb) (Brinton-Damell and Plageman, 1975; van der Zeijst et al„ 1975). EAV replicates 

via a 3* nested set of six subgenomic mRNAs, ranging in size from 0.8 to 3.6 kb, which are composed of a 

leader sequence, derived from the 5' end of the genomic RNA, which is joined to the 3' terminal body 

sequences (de Vries et al., 1990). 
30 Here we show that the genome organization and replication strategy of LV is similar to that of EAV, 

coronaviruses and toroviruses, whereas the genome sizes of the latter viruses are completely different from 

those of LV and EAV. 

The genome of LV consists of a genomic RNA molecule of about 14.5 to 15.5 kb in length (estimated 
on a neutral agarose gel), which replicates via a 3' nested set of subgenomic RNAs. The subgenomic RNAs 
as consist of a leader sequence, the length of which is yet unknown, which is derived from the 5* end of the 
genomic RNA and which is fused to the body sequences derived from the 3' end of the genomic RNA (Fig. 
2). 

The nucleotide sequence of the genomic RNA of LV was determined from overlapping cDNA clones. A 
consecutive sequence of 15,088 bp was obtained covering nearly the complete genome of LV (Fig. 1). In 
40 this sequence 8 open reading frames (ORFs) were identified: ORF 1 A, ORF 1B, and ORFs 2 to 7. 

ORF 1A and ORF 1B are predicted to encode the viral replicase or polymerase, whereas ORFs 2 to 6 
are predicted to encode structural viral membrane (envelope) associated proteins. ORF 7 is predicted to 
encode the structural viral nucleocapsid protein. 

Because the products of ORF 6 and ORF 7 of LV show a significant similarity with VpX and Vp1 of LDV 
45 respectively, it is predicted that the sequences of ORFs 6 and 7 will also be highly conserved among 
antigenic variants of LV. 

The complete nucleotide sequence of figure 1 and all the sequences and protein products encoded by 
ORFs 1 to 7 and possible other ORFs located in the sequence of figure 1 , are especially suited for vaccine 
development, in whatever sense, and for the development of diagnostic tools, in whatever sense. All 
so possible modes are well known to persons skilled in the art. 

Since it is now possible to unambigously identify LA, the causal agent of MSD, it can now be tested 
whether pigs are infected with LA or not. Such diagnostic tests have until now not been available. 

The test can be performed by virus isolation in macrophages, or other cell culture systems in which LA 
might grow, and staining the infected cultures with antibodies directed against LA (such as postinfection 
55 sera c 829 or b 822), but it is also feasible to develop and employ other types of diagnostic tests. 

For instance, it is possible to use direct or indirect immunohistological staining techniques, i.e. with 
antibodies directed to LA that are labeled with fluorescent compounds such as isothiocyanate, or labeled 
with enzymes such as horseradish peroxidase. These techniques can be used to detect LA antigen in tissue 
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sections or other samples from pigs suspected to have MSD. The antibodies needed for these tests can be 
c 829 or b 822 or other polyclonal antibodies directed against LA, but monoclonal antibodies directed 
against LA can also be used. 

Furthermore, since the nature and organization of the genome of LA and the nucleotide sequence of 
this genome have been determined, LA specific nucleotide sequences can be identified and used to 
develop oligonucleotide sequences that can be used as probes or primers in diagnostic techniques such as 
hybridization, polymerase chain reaction, or any other techniques that are developed to specifically detect 
nucleotide acid sequences. 

It is also possible to test for antibodies directed against LA. Table 5 shows that experimentally infected 
pigs rapidly develop antibodies against LA, and table 4 shows that pigs in the field also have strong 
antibody responses against LA. Thus it can now also be determined whether pigs have been infected with 
LA in the past. Such testing is of utmost importance in determining whether pigs or pig herds or pig 
populations or pigs in whole regions or countries are free of LA. The test can be done by using the IPMA as 
described, but it is also feasible to develop and employ other types of diagnostic tests for the detection of 
antibodies directed against LA. 

LA specific proteins, polypeptides, and peptides, or peptide sequences mimicking antigenic compo- 
nents of LA, can be used in such tests. Such proteins can be derived from the LA itself, but it is also 
possible to make such proteins by recombinant DNA or peptide synthesis techniques. These tests can use 
specific polyclonal and/or monoclonal antibodies directed against LA or specific components of LA, and/or 
use cell systems infected with LA or cell systems expressing LA antigen. The antibodies can be used, for 
example, as a means for immobilizing the LA antigen (a solid surface is coated with the antibody whereafter 
the LA antigen is bound by the antibody) which leads to a higher specificity of the test, or can be used in a 
competitive assay (labeled antibody and unknown antibody in the sample compete for available LA 
antigen). 

Furthermore, the above described diagnostic possibilities can be applied to test whether other animals, 
such as mammals, birds, insects or fish, or plants, or other living creatures, can be, or are, or have been 
infected with LA or related agents. 

Since LA has now been identified as the causal agent of MSD, it is possible to make a vaccine to 
protect pigs against this disease. Such a vaccine can simply be made by growing LA in pig lung 
macrophage cultures, or in other cell systems in which LA grows. LA can then be purified or not, and killed 
by established techniques, such as inactivation with formaline or ultra-violet light. The inactivated LA can 
then be combined with adjuvantia, such as Freund f s adjuvans or aluminum hydroxide or others, and this 
composition can then be injected in pigs. 

Dead vaccines can also be made with LA protein preparations derived from LA infected cultures, or 
derived from cell systems expressing specifically LA protein through DNA recombinant techniques. Such 
subunits of LA would then be treated as above, and this would result in a subunit vaccine. 

Vaccines using even smaller components of LA, such as polypeptides, peptides, or peptides mimicking 
antigenic components of LA are also feasible for use as dead vaccine. 

Dead vaccines against MSD can also be made by recombinant DNA techniques through which the 
genome of LA, or parts thereof, is incorporated in vector systems such as vaccinia virus, herpesvirus, 
pseudorabies virus, adeno virus, baculo virus or other suitable vector systems that can so express LA 
antigen in appropriate cells systems. LA antigen from these systems can then be used to develop a vaccine 
as above, and pigs, vaccinated with such products would develop protective immune responses against LA. 

Vaccines against MSD can also be based on live preparations of LA. Since only young piglets and 
pregnant sows seem to be seriously affected by infection with LA, it is possible to use unattenuated LA, 
grown in pig lung macrophages, as vaccine for older piglets, or breeding gilts. In this way sows can be 
protected against MSD before they get pregnant, which results in protection against abortions and stillbirth, 
and against congenital infections of piglets. Also the maternal antibody that these vaccinated sows give to 
their offspring would protect their offspring against the disease. 

Attenuated vaccines (modified-live-vaccines) against MSD can be made by serially passaging LA in pig 
lung macrophages, in lung macrophages of other species, or in other cell systems, or in other animals, such 
as rabbits, until it has lost its pathogenicity. 

Live vaccines against MSD can also be made by recombinant DNA techniques through which the 
genome of LA, or parts thereof, is incorporated in vector systems such as vaccinia virus, herpesvirus, 
pseudorabies virus, adeno virus or other suitable vector systems that can so express LA antigen. Pigs, 
vaccinated with such live vector systems would then develop protective immune responses against LA. 

Lelystad agent itself would be specifically suited to use as a live vector system. Foreign genes could be 
inserted in the genome of LA and could be expressing the corresponding protein during the infection of the 
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macrophages. This cell, which is an antigen presenting cell, would process the foreign antigen and present 
it to B-lymfocytes and T-lymfocytes which will respond with the appropriate immune respons. 

Since LA seems to be very cell specific and possibly also very species specific, this vector system 
might be a very safe system, which does not harm other cells or species. 

5 

SHORT DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the nucleotide sequence of the LV genome. The deduced amino acid sequence of the 
identified ORFs are shown. The methionines encoded by the (putative) ATG start sites are indicated in bold 
10 and putative N-glycosylation sites are underlined. Differences in. the nucleotide and amino acid sequence, 
as identified by sequencing different cDNA clones, are shown. The nucleotide sequence of primer 25, which 
has been used in hybridization experiments (see Fig. 2 and section "results"), is underlined. 

FIG. 2 shows the organization of the LV genome. The cDNA clones, which have been used for the 
determination of the nucleotide sequence, are indicated in the upper part of the figure. The parts of the 
75 clones, which were sequenced, are indicated in black. In the lower part of the figure the ORFs, identified in 
the nucleotide sequence, and the subgenomic set of mRNAs, encoding these ORFs, are shown. The 
dashed lines in the ORFs represent alternative initiation sites (ATGs)_of these ORFs. The leader sequence 
of the genomic and subgenomic RNAs is indicated by a solid box. 
FIG. 3 shows the growth characteristics of LA: 
20 - empty squares - titre of cell-free virus; 

- solid squares - titre of cell-associated virus; 

- solid line - percentage cytopathic effect (CPE). 

MATERIALS AND METHODS 

25 

Sample collection 

Samples and pigs were collected from farms where a herd epizootic of MSD seemed to occur. 
Important criteria for selecting the farm as being affected with MSD were: sows that were off feed, the 
30 occurrence of stillbirth and abortion, weak offspring, respiratory disease and death among young piglets. 
Samples from four groups of pigs have been investigated: 

(1) tissue samples and an oral swab from affected piglets from the field (table 1A), 

(2) blood samples and oral swabs from affected sows in the field (tables 1B and 4), 

(3) tissue samples, nasal swabs and blood samples collected from specific-pathogen-free (SPF) pigs 
35 experimentally infected by contact with affected sows from the field or 

(4) tissue samples, nasal swabs and blood samples collected from specific-pathogen-free (SPF) pigs 
experimentally infected by inoculation with blood samples of affected sows from the field (tables 2 and 
5). 

40 Sample preparation 

Samples for virus isolation were obtained from piglets and sows which on clinical grounds were 
suspected to have MSD, and from experimentally infected SPF pigs, sows and their piglets. 

Tissue samples were cut on a cryostat microtome and sections were submitted for direct im- 
45 munofluorescence testing (I FT) with conjugates directed against various pig pathogens. 

10% Suspensions of tissues samples were prepared in Hank's BSS supplemented with antibiotics, and 
oral and nasal swabs were soaked in Hank's BSS supplemented with antibiotics. After one hour at room 
temperature, the suspensions were clarified for 10 min at 6000 g, and the supernatant was stored at -70*C 
for further use. Leucocyte fractions were isolated from EDTA or heparin blood as described earlier 
so (Wensvoort and Terpstra, 1988), and stored at -70 °C. Plasma and serum for virus isolation was stored at 
-70 'C. 

Serum for serology was obtained from sows suspected to be in the acute phase of MSD, a paired 
serum was taken 3-9 weeks later. Furthermore, sera were taken from the experimentally infected SPF pigs 
at regular intervals and colostrum and serum was taken from experimentally infected sows and their piglets. 
55 Sera for serology were stored at -20 *C. 
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Cells 

Pig lung macrophages were obtained from lungs of 5-6 weeks old SPF pigs or from lungs of adult SPF 
sows from the Central Veterinary Institute's own herd. The lungs were washed five to eight times with 

5 phosphate buffered saline (PBS). Each aliquot of washing fluid was collected and centrifuged for 10 min at 
300 g. The resulting cell pellet was washed again in PBS and resuspended in cell culture medium (160 ml 
medium 199, supplemented with 20 ml 2.95% tryptose phosphate, 20 ml foetal bovine serum (FBS), and 
4.5 ml 1.4% sodium bicarbonate) to a concentration of 4 x 10 7 cells/ml. The cell suspension was then 
slowly mixed with an equal volume of DMSO mix (6.7 ml of above medium, 1.3 ml FBS, 2 ml 

70 dimethylsulfoxide 97%), aliquoted in 2 ml ampoules and stored in liquid nitrogen. 

Macrophages from one ampoule were prepared for cell culture by washing twice in Earle's MEM, and 
resuspended in 30 ml growth medium (Earle's MEM, supplemented with 10% FBS, 200 U/ml penicillin, 0.2 
mg/ml streptomycine, 100 U/ml mycostatin, and 0.3 mg/ml glutamine). PK-15 cells (American Type Culture 
Collection, CCL33) and SK-6 cells (Kasza et al., 1972) were grown as described by Wensvoort et al. (1989). 

75 Secondary porcine kidney (PK2) cells were grown in Earle's MEM, supplemented with 10% FBS and the 
above antibiotics. All cells were grown in a cell culture cabinet at 37 °C and 5% CO2. 

Virus isolation procedures. 

20 Virus isolation was performed according to established techniques using PK2, PK-15 and SK-6 cells, 
and pig lung macrophages. The former three cells were grown in 25 ml flasks (Greiner), and inoculated with 
the test sample when monolayers had reached 70-80% confluency. Macrophages were seeded in 100 nl 
aliquots in 96-well microtiter plates (Greiner) or in larger volumes in appropriate flasks, and inoculated with 
the test sample within one hour after seeding. The cultures were observed daily for cytopathic effects 

25 (CPE), and frozen at -70 0 C when 50-70% CPE was reached or after five to ten days of culture. Further 
passages were made with freeze-thawed material of passage level 1 and 2 or higher. Some samples were 
also inoculated into nine to twelve day old embryonated hen eggs. Allantoic fluid was subinoculated two 
times using an incubation interval of three days and the harvest of the third passage was examined by 
haemagglutination at 4"C using chicken red blood cells, and by an ELISA specifically detecting 

30 nucleoprotein of influenza A viruses (De Boer et a!., 1990). 

Serology 

Sera were tested in haemagglutinating inhibition tests (HAI) to study the development of antibody 
35 against haemagglutinating encephalitis virus (HEV), and swine influenza viruses H1N1 and H3N2 according 
to the protocol of Masurel (1976). Starting dilutions of the sera in HAI were 1:9, after which the sera were 
diluted twofold. 

Sera were tested in established enzyme-linked immunosorbent assays (ELISA) for antibodies against 
the glycoprotein gl of pseudorabies virus (PRV; Van Oirschot et al., 1988), porcine parvo virus (PPV; 
40 Westenbrink et al, 1989), bovine viral diarrhoea virus (BVDV; Westenbrink et al., 1986), and hog cholera 
virus (HCV; Wensvoort et al., 1988). Starting dilutions in the ELISA's were 1:5, after which the sera were 
diluted twofold. 

Sera were tested for neutralizing antibodies against 30-300 TCID50 of encephalomyocarditis viruses 
(EMCV), porcine enteroviruses (PEV), and Lelystad agent (LA) according to the protocol of Terpstra (1978). 
45 Starting dilutions of the sera in the serum neutralization tests (SNT) were 1:5, after which the sera were 
diluted twofold. 

Sera were tested for binding with LA in an irnmunoperoxidase-monolayer assay (IPMA). Lelystad agent 
(LA; code: CDI-NL-2.91) was seeded in microtiter plates by adding 50 ml growth medium containing 100 
TCIDso LA to the wells of a microtiter plate containing freshly seeded lung macrophages. The cells were 

50 grown for two days and then fixed as described (Wensvoort, 1986). The test sera were diluted 1:10 in 0.15 
M NaCI, 0.05% Tween 80, 4% horse serum, or diluted further in fourfold steps, added to the wells and then 
incubated for one hour at 37 °C, Sheep-anti-pig immunoglobulins (Ig) conjugated to horse radish peroxidase 
(HRPO, DAKO) were diluted in the same buffer and used in a second incubation for one hour at 37 *C, after 
which the plates were stained as described (Wensvoort et al., 1986). An intense red staining of the 

55 cytoplasm of infected macrophages indicated binding of the sera to LA. 
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Virus identification procedures 

The identity of cytopathic isolates was studied by determining the buoyant density in CsCI, by 
estimating particle size in negatively stained preparations through electron microscopy, by determining the 
5 sensitivity of the isolate to chloroform and by neutralizing the CPE of the isolate with sera with known 
specificity (Table 3). Whenever an isolate was specifically neutralized by a serum directed against a known 
virus, the isolate was considered to be a representative of this known virus. 

Isolates that showed CPE on macrophage cultures were also studied by staining in IPMA with 
postinfection sera of pigs c 829 or b 822. The isolates were reinoculated on macrophage cultures and fixed 
10 at day 2 after inoculation before the isolate showed CPE. Whenever an isolate showed reactivity in IPMA 
with the postinfection sera of pigs c 829 or b 822, the isolate was considered to be a representative of the 
Lelystad agent. Representatives of the other isolates grown in macrophages or uninfected macrophages 
were also stained with these sera to check the specificity of the sera. 

75 Further identification of Lelystad agent. 

Lelystad agent was further studied by haemagglutination at 4*C and 37 °C with chicken, guinea pig, 
pig, sheep, or human 0 red blood cells. SIV, subtype H3N2, was used as positive control in the 
haemagglutination studies. 

20 The binding of pig antisera specifically directed against pseudorabies virus (PRV), transmissible 
gastroenteritis virus (TGE), porcine epidemic diarrhoea virus (PED), haemagglutinating encephalitis virus 
(HEV), African swine fever virus (ASFV), hog cholera virus (HCV) and swine influenza virus (SIV) type H1 N1 
and H3N2, of bovine antisera specifically directed against bovine herpes viruses type 1 and 4 (BHV 1 and 
4), malignant catarrhal fever (MCF). parainfluenza virus 3 (PI3), bovine respiratory syncitial virus (BRSV) and 

25 bovine leukemia virus (BLV), and of avian antisera specifically directed against avian leukemia virus (ALV) 
and infectious bronchitis virus (IBV) was studied with species-lg specific HRPO conjugates in an IPMA on 
LA infected and uninfected pig lung macrophages as described above. 

We also tested in IPMA antisera of various species directed against mumps virus, Sendai virus, canine 
distemper virus, rinderpest virus, measles virus, pneumonia virus of mice, bovine respiratory syncytial virus, 

30 rabies virus, foamy virus, maedi-visna virus, bovine and murine leukemia virus, human, feline and simian 
immunodeficiency virus, lymphocytic choriomeningitis virus, feline infectious peritonitis virus, mouse hepati- 
tis virus, Breda virus, Hantaan virus, Nairobi sheep disease virus, Eastern, Western and Venezuelan equine 
encephalomyelitis virus, rubella virus, equine arteritis virus, lactic dehydrogenase virus, yellow fever virus, 
tick-born encephalitis virus and hepatitis C virus. 

35 LA was blindly pansaged in PK2, PK-15, and SK-6 cells, and in embryonated hen eggs. After two 
passages, the material was inoculated again into pig lung macrophage cultures for reisolation of LA 

LA wan titrated in pig lung macrophages prior to and after passing through a 0.2 micron filter 
(Schleicher and Schuell). The LA was detected in IPMA and by its CPE. Titres were calculated according to 
Reed and Muench (1938). 

40 We further prepared pig antisera directed against LA. Two SPF pigs (21 and 23) were infected 
intranasal^ with 10 5 TCID50 of a fifth cell culture passage of LA. Two other SPF pigs (25 and 29) were 
infected intranasally with a fresh suspension of the lungs of an LA-infected SPF piglet containing 10 5 
TCID50 LA. Blood samples were taken at 0, 14, 28, and 42 days postinfection (dpi). 

We further grew LA in porcine alveolar macrophages to determine its growth pattern over time. Porcine 

45 alveolar macrophages were seeded in F25 flasks (Greiner), infected with LA with a multiplicity of infection of 
0.01 TCID50 per cell. At 8, 16, 24, 32, 40, 48, 56, and 64 h after infection, one flask was examined and the 
percentage of CPE in relation to a noninfected control culture was determined. The culture medium was 
then harvested and replaced with an equal volume of phosphate-buffered saline. The medium and the flask 
were stored at -70 0 C. After all cultures had been harvested, the LA titres were determined and expressed 

50 as log TCID50 ml" 1 . 

The morphology of LA was studied by electronmicroscopy. LA was cultured as above. After 48 h, the 
cultures were freeze-thawed and centrifuged for 10 min at 6000 x g. An amount of 30 ml supernatant was 
then mixed with 0.3 ml LA-specific pig serum and incubated for 1 .5 h at 37 • C. After centrifugation for 30 
min at 125,000 x g, the resulting pellet was suspended in 1% Seakem agarose ME in phosphate-buffered 
55 saline at 40 °C. After coagulation, the agarose block was immersed in 0.8% glutaraldehyde and 0.8% 
osmiumtetroxide (Hirsch et aL, 1968) in veronal/acetate buffer, pH 7.4 (230 mOsm/kg H 2 0), and fixed by 
microwave irradiation. This procedure was repeated once with fresh fixative. The sample was washed with 
water, immersed in 1% uranyl acetate, and stained by microwave irradiation. Throughout all steps, the 
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sample was kept at O'C and the microwave (Samsung RE211D) was set at defrost for 5 min. Thin sections 
were prepared with standard techniques, stained with lead citrate (Venable et al., 1965), and examined in a 
Philips CM 10 electron microscope. 

We further continued isolating LA from sera of pigs originating from cases of MSD. Serum samples 
originated from the Netherlands (field case the Netherlands 2), Germany (field cases Germany 1 and 
Germany 2; courtesy Drs. Berner, Munchen and Nienhoff, MUnster), and the United States [experimental 
case United States 1 (experiment performed with ATCC VR-2332; courtesy Drs. Collins, St. Paul and 
Chladek, St. Joseph), and field cases United States 2 and United States 2; courtesy Drs. van Alstine, West 
Lafayette and Slife, Galesburg]. All samples were sent to the "Centraal Diergeneeskundig Instituut, 
Lelystad" for LA diagnosis. AH samples were used for virus isolation on porcine alveolar macrophages as 
described. Cytophatic isolates were passaged three times and identified as LA by specific immunostaining 
with anti-LA post infection sera b 822 and c 829. 

We also studied the antigenic relationships of isolates NL1 (the first LA isolate; code CDI-NL-2.91), NL2, 
GEt, GE2, US1, US2, and US3. The isolates were grown in macrophages as above and were tested in 
IPMA with a set of field sera and two sets of experimental sera. The sera were also tested in IPMA with 
uninfected macrophages. 

The field sera were: Two sera positive for LV (TH-187 and TO-36) were selected from a set of LA- 
positive Dutch field sera. Twenty-two sera were selected from field sera sent from abroad to Lelystad for 
serological diagnosis. The sera originated from Germany (BE-352, BE-392 and NH2; courtesy Dr. Berner, 
Munchen and Dr. Nienhoff, Munster), the United Kingdom (PA-141615, PA-141617 and PA-1 42440; 
courtesy Dr. Paton, Weybridge), Belgium (PE-1960; courtesy Prof. Pensaert, Gent), France (EA-2975 and 
EA-2985; courtesy Dr. Albina, Ploufragan), the United States (SL-441, SL-451, AL-RP9577, AL-P10814/33, 
AL-4994A, AL-7525, JC-MN41 , JC-MN44 and JC-MN45; courtesy Dr. Slife, Galesburg, Dr. van Alstine, West 
Lafayette, and Dr. Collins, St. Paul), and Canada (RB-16, RB-19, RB-22 and RB-23; courtesy Dr. Robinson, 
Quebec). 

The experimental sera were: The above described set of sera of pigs 21 , 23, 25, and 29, taken at dpi 0, 
14, 28, and 42. A set of experimental sera (obtained by courtesy of Drs. Chladek, St. Joseph, and Collins, 
St. Paul) that originated from four six-month-old gilts that were challenged intranasal^ with 10 51 TCID50 of 
the isolate ATCC VR-2332. Bloodsamples were taken from gilt 2B at 0, 20, 36, and 63 dpi; from gilt 9G at 0, 
30, 44, and 68 dpi; from gilt 16W at 0, 25, 40, and 64 dpi; and from gilt 16Y at 0, 36, and 64 dpi. 

To study by radio-immunoprecipitation assay (RIP; de Mazancourt et al., 1986) the proteins of LA in 
infected porcine alveolar macrophages, we grew LA-infected and uninfected macrophages for 16 hours in 
the presence of labeling medium containing 35 S-Cysteine. Then the labeled cells were precipitated 
according to standard methods with 42 dpi post-infection sera of pig b 822 and pig 23 and with serum MN8 
which was obtained 26 days after infecting a sow with the isolate ATCC VR-2332 (coutesy Dr. Collins, St. 
Paul). The precipitated proteins were analysed by electrophoresis in a 12% SDS-PAGE gel and visualized 
by fluorography. 

To characterize the genome of LA, we extracted nuclear DNA and cytoplasmatic RNA from macrophage 
cultures that were infected with LA and grown for 24 h or were left uninfected. The cell culture medium was 
discarded/and the cells were washed twice with phosphate-buffered saline. DNA was extracted as 
described (Strauss, 1987). The cytoplasmic RNA was extracted as described (Favalpro et al., 1980), purified 
by centrifugation through a 5.7 M CsCI cushion (Setzer et al., 1980), treated with RNase-free DNase 
(Pharmacia), and analyzed in an 0.8% neutral agarose gel (Moormann and Hulst, 1988). 

Cloning and Sequencing 

To clone LV RNA, intracellular RNA of LV-infected porcine lung alveolar macrophages (10 ug) was 
incubated with 10 mM methylmercury hydroxide for 10 minutes at room temperature. The denatured RNA 
was incubated at 42 *C with 50 mM Tris-HCI, pH 7.8, 10 mM MgCI 2 . 70 mM KCI, 0.5 mM dATP. dCTP, 
dGTP and dTTP, 0.6 ug calf thymus oligonucleotide primers pd(N)6 (Pharmacia) and 300 units of Moloney 
murine leukaemia virus reverse transcriptase (Bethesda Research Laboratories) in a total volume of 100 ul. 
20 mM EDTA was added after 1 hr; the reaction mixture was then extracted with phenol/chloroform, passed 
through a Sephadex G50 column and precipitated with ethanol. 

For synthesis of the second cDNA strand, DNA polymerase I (Boehringer) and RNase H (Pharmacia) 
were used (Gilbler and Hoffman, 1983). To generate blunt ends at the termini, double-stranded cDNA was 
incubated with T4 DNA polymerase (Pharmacia) in a reaction mixture which contained 0.05 mM deox- 
ynucleotidetriphosphates. Subsequently, cDNA was fractionated in a 0.8% neutral agarose gel (Moormann 
and Hulst, 1988). Fragments of 1 to 4 kb were electroeluted, ligated into the Smal site of pGEM-4Z 
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(Promega), and used for transformation of Escherichia coli strain DH5a (Hanahan, 1985). Colony filters were 
hybridized with a 32 P-labelled single-stranded cDNA probe. The probe was reverse transcribed from LV 
RNA which had been fractionated in a neutral agarose gel (Moormann and Hulst, 1988). Before use the 
single stranded DNA probe was incubated with cytoplasmic RNA from mock-infected lung alveolar 
5 macrophages. 

The relationship between LV cDNA clones was determined by restriction enzyme analysis and by 
hybridization of Southern blots of the digested DNA with nick-translated cDNA probes {Sambrook et al., 
1989). 

To obtain the 3' end of the viral genome, we constructed a second cDNA library, using oligo (dT)i2-is 
w and a 3* LV specific oligonucleotide that was complementary to the minus-strand viral genome as a primer 
in the first-strand reaction. The reaction conditions for first- and second-strand synthesis were identical to 
those described above. This library was screened with virus-specific 3' end oligonucleotide probes. 

Most part (> 95%) of the cDNA sequence was determined with an Automated Laser Fluorescent 
A.L.F.™ DNA sequencer from Pharmacia LKB. Fluorescent oligonucleotide primer directed sequencing was 
75 performed on double-stranded DNA using the AutoRead™ Sequencing Kit (Pharmacia) essentially accord- 
ing to procedures C and D described in the Autoread™ Sequencing Kit protocol. Fluorescent primers were 
prepared with FluorePrime™ (Pharmacia). The remaining part of the sequence was determined via double- 
stranded DNA sequencing using oligonucleotide primers in conjunction with a T7 polymerase based 
sequencing kit (Pharmacia) and a- 32 S-dATP (Amersham). Sequence data were analysed using the se- 
20 quence analysis programs PCGENE (Intelligenetics, Inc. Mountain View, USA) and FASTA (Pearson and 
Lipman, 1988). 

Experimental reproduction of MSD. 

25 Fourteen conventionally reared pregnant sows that were pregnant for 10-11 weeks were tested for 
antibody against LA in the IPMA. All were negative. Then two groups of four sows were formed and brought 
to the CVI. At week 12 of gestation, these sows were inoculated intranasally with 2 ml LA (passage level 3, 
titre 10 4 8 TCIDso/ml). Serum and EDTA blood samples were taken at day 10 after inoculation. Food intake, 
rectal temperature, and other clinical symptoms were observed daily. At farrowing, the date of birth and the 

30 number of dead and living piglets per sow were recorded, and samples were taken for virus isolation and 
serology. 

RESULTS 

35 Immunofluorescence 

Tissue sections of pigs with MSD were stained in an I FT with FITC-conjugates directed against African 
swine fever virus, hog cholera virus, pseudorabies virus, porcine parvo virus, porcine influenza virus, 
encephalomyocarditis virus and Chlamydia psittaci. The sections were stained, examined by fluorescent 
40 microscopy and all were found negative. 

Virus isolation from piglets from MSD affected farms. 

Cytopathic isolates were detected in macrophage cultures inoculated with tissue samples of MSD 
45 affected, two-to-ten day old piglets. Sixteen out of 19 piglets originating from five different farms were 
positive (Table 1A). These isolates all reacted in IPMA with the post-infection serum of pig c 829, whereas 
non-inoculated control cultures did not react. The isolates therefore were representatives of LA. One time a 
cytopathic isolate was detected in an SK-6 cell culture inoculated with a suspension of an oral swab from a 
piglet from a sixth farm (farm VE) (Table 1A). This isolate showed characteristics of the picorna viridae and 
so was neutralized by serum specific for PEV 2, therefore the isolate was identified as PEV 2 (Table 3). PK2, 
PK-15 cells and hen eggs inoculated with samples from this group remained negative throughout. 

Virus isolation from sows from MSD affected farms. 

55 Cytopathic isolates were detected in macrophage cultures inoculated with samples of MSD affected 
sows. 41 out of 63 sows originating from 1 1 farms were positive (Table 1 B). These isolates all reacted in 
IPMA with the post-infection serum of pig b 822 and were therefore representatives of LA. On one occasion 
a cytopathic isolate was detected in a PK2 cell culture inoculated with a suspension of a leucocyte fraction 
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of a sow from farm HU (Table 1B). This isolate showed characteristics of the picorna viridae and was 
neutralized by serum specific for EMCV, therefore the isolate was identified as EMCV (Table 3). SK-6, PK- 
15 cells and hen eggs inoculated with samples from this group remained negative. 

5 Virus isolation from SPF pigs kept in contact with MSD affected sows. 

Cytopathic isolates were detected in macrophage cultures inoculated with samples of SPF pigs kept in 
contact with MSD affected sows. Four of the 12 pigs were positive (Table 2). These isolates all reacted in 
IPMA with the post-infection serum of pig c 829 and of pig b 822 and were therefore representatives of LA. 
w Cytopathic isolates were also detected in PK2, PK-15 and SK-6 cell cultures inoculated with samples of 
these SPF pigs. Seven of the 12 pigs were positive (Table 2), these isolates were all neutralized by serum 
directed against PEV 7. One of these seven isolates was studied further and other characteristics also 
identified the isolate as PEV 7 (Table 3). 

15 Virus isolation from SPF pigs inoculated with blood of MSD affected sows. 

Cytopathic isolates were detected in macrophage cultures inoculated with samples of SPF pigs 
inoculated with blood of MSD affected sows. Two out of the eight pigs were positive (Table 2). These 
isolates all reacted in IPMA with the post-infection serum of pig c 829 and of pig b 822 and were therefore 
20 representatives of LA. PK2, SK-6 and PK-15 cells inoculated with samples from this group remained 
negative. 

Summarizing, four groups of pigs were tested for the presence of agents that could be associated with 
mystery swine disease (MSD). 

In group one, MSD affected piglets, the Lelystad agent (LA) was isolated from 16 out of 20 piglets; one 
25 time PEV 2 was isolated. 

In group two, MSD affected sows, the Lelystad agent was isolated from 41 out of 63 sows; one time 
EMCV was isolated. Furthermore, 123 out of 165 MSD affected sows seroconverted to the Lelystad agent, 
as tested in the IPMA. Such massive seroconversion was not demonstrated against any of the other viral 
pathogens tested. 

30 In group three, SPF pigs kept in contact with MSD affected sows, LA was isolated from four of the 12 
pigs; PEV 7 was isolated from seven pigs. All 12 pigs pigs seroconverted to LA and PEV 7. 

In group four, SPF pigs inoculated with blood of MSD affected sows, the LA was isolated from two pigs. 
All eight pigs seroconverted to LA. 

35 Serology of sows from MSD affected farms. 

Paired sera from sows affected with MSD were tested against a variety of viral pathogens and against 
the isolates obtained during this study (Table 4). An overwhelming antibody respons directed against LA 
was measured in the IPMA (75% of the sows seroconverted, in 23 out of the 26 farms seroconversion was 
40 found), whereas with none of the other viral pathogens a clear pattern of seroconversion was found. 
Neutralizing antibody directed against LA was not detected. Serology of SPF pigs kept in contact with MSD 
affected sows. 

All eight SPF pigs showed an antibody respons in the IPMA against LA (Table 5). None of these sera 
were positive in the IPMA performed on uninfected macrophages. None of these sera were positive in the 
45 SNT for LA. The sera taken two weeks after contact had all high neutralizing antibody titres (>1280) against 
PEV 7, whereas the pre-infection sera were negative (<10), indicating that all pigs had also been infected 
with PEV 7. 

Serology of SPF pigs inoculated with blood of MSD affected sows. 

50 

All eight SPF pigs showed an antibody response in the IPMA against LA (Table 5). None of these sera 
were positive in the IPMA performed on uninfected macrophages. None of these sera were positive in the 
SNT for LA. The pre- and two weeks post-inoculation sera were negative (<10) against PEV 7. 

55 Further identification of Lelystad agent. 

LA did not haemagglutinate with chicken, guinea pig, pig, sheep, or human 0 red blood cells. 
LA did not react in IPMA with sera directed againts PRV, TGE, PED, ASFV, etc. 
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After two blind passages, LA did not grow in PK2, PK-15, or SK-6 cells, or in embryonated hen eggs, 
inoculated through the allantoic route. 

LA was still infectious after it was filtred through a 0.2 micron filter, titres before and after filtration were 
10 5 05 and 10 5 ; 3 TCID 50 as detected by IPMA. 
5 Growth curve of LA (see figure 3). Maximum titres of cell-free virus were approximately 10 55 TCID50 
ml -1 from 32-48 h after inoculation. After that time the macrophages were killed by the cytopathic effect of 
LA. 

Electronmicroscopy. Clusters of spherical LA particles were found. The particles measured 45-55 nm in 
diameter and contained a 30-35 nm nucleocapsid that was surrounded by a lipid bilayer membrane. LA 
10 particles were not found in infected cultures that were treated with negative serum or in negative control 
preparations. 

Isolates from the Netherlands, Germany, and the United States. All seven isolates were isolated in 
porcine alveolar macrophages and passaged three to five times. AH isolates caused a cytopathic effect in 
macrophages and could be specifically immunostained with anti-LA sera b 822 and the 42 dpi serum 23. 

75 The isolates were named NL2, GE1 , GE2, US1 , US2, and US3. 

Antigenic relationships of isolates NL1, NL2, GE1, GE2, US1, US2, and US3. None of the field sera 
reacted in IPMA with uninfected macrophages but all sera contained antibodies directed against one or 
more of the seven isolates (Table 7). None of the experimental sera reacted in IPMA with uninfected 
macrophages, and none of the 0 dpi experimental sera reacted with any of the seven isolates in IPMA 

20 (Table 8). All seven LA isolates reacted with all or most of the sera from the set of experimental sera of pigs 
21, 23, 25, and 29, taken after 0 dpi. Only the isolates US1, US2, and US3 reacted with all or most of the 
sera from the set of experimental sera of gilts 2B, 9G, 16W, and 16Y, taken after 0 dpi. 

Radioimmunoprecipitation studies. Seven LA-specific proteins were detected in LA-infected macro- 
phages but not in uninfected macrophages precipitated with the 42 dpi sera of pigs b 822 and 23. The 

25 proteins had estimated molecular weights of 65, 39, 35, 26, 19, 16, and 15 kilodalton. Only two of these LA- 
specific proteins, of 16 and 15 kilodalton, were also precipitated by the 26 dpi serum MN8. 

Sequence and organization of the genome of LV 

30 The nature of the genome of LV was determined by analyzing DNA and RNA from infected porcine 
lung alveolar macrophages. No LV-specific DNA was detected. However, we did detect LV-specific RNA. In 
a 0.8% neutral agarose gel LV RNA migrated slightly slower than a preparation of hog cholera virus RNA of 
12.3 kb (Moormann et al., 1990) did. Although no accurate size determination can be performed in neutral 
agarose gels, it was estimated that the LV-specific RNA is about 14.5 to 15.5 kb in length. 

35 To determine the complexity of the LV-specific RNAs in infected cells and to establish the nucleotide 
sequence of the genome of LV, we prepared cDNA from RNA of LV-infected porcine lung alveolar 
macrophages and selected and mapped LV-specific cDNA clones as described under Materials and 
Methods. The specificity of the cDNA clones was reconfirmed by hybridizing specific clones, located 
throughout the overlapping cDNA sequence, to Northern blots carrying RNA of LV-infected and uninfected 

40 macrophages. Remarkably, some of the cDNA clones hybridized with the 14.5 to 15.5 kb RNA detected in 
infected macrophages only, whereas others hybridized with the 14.5 to 15.5 kb RNA as well as with a panel 
of 4 or 5 RNAs of lower molecular weight (estimated size, 1 to 4 kb). The latter clones were all clustered at 
one end of the cDNA map and covered about 4 kb of DNA. These data suggested that the genome 
organization of LV may be similar to that of coronaviridae (Spaan et al., 1988), Berne virus (BEV; Snijder et 

45 al., 1990b), a torovirus, and EAV (de Vries et al., 1990), i.e. besides a genomic RNA there are subgenomic 
mRNAs which form a nested set which is located at the 3' end of the genome. This assumption was 
confirmed when sequences of the cDNA clones became available and specific primers could be selected to 
probe the blots with. A compilation of the hybridization data obtained with cDNA clones and specific 
primers, which were hybridized to Northern blots carrying the RNA of LV-infected and uninfected macro- 

50 phages, is shown in figure 2. Clones 12 and 20 which are located in the 5' part and the centre of the 
sequence respectively hybridize to the 14.5 to 15.5 kb genomic RNA detected in LV-infected cells only. 
Clones 41 and 39, however, recognize the 14.5 to 15.5 kb genomic RNA and a set of 4 and 5 RNAs of 
lower molecular weight, respectively. The most instructive and conclusive hybridization pattern, however, 
was obtained with primer 25, which is located at the ultimate 5* end in the LV sequence (compare Fig. 1). 

55 Primer 25 hybridized to a panel of 7 RNAs, with an estimated molecular weight ranging in size from 0.7 to 
3.3 kb (subgenomic mRNAs), as well as the genomic RNA. The most likely explanation for the hybridization 
pattern of primer 25 is that 5* end genomic sequences, the length of which is yet unknown, fuse with the 
body of the mRNAs which are transcribed from the 3' end of the genome. In fact, the hybridization pattern 
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obtained with primer 25 suggests that 5* end genomic sequences function as a so called "leader sequence" 
in subgenomic mRNAs. Such a transcription pattern is a hallmark of replication of coronaviridae (Spaan et 
al., 1988), and of EAV (de Vries et al., 1990). 

The only remarkable discrepancy between LV and EAV which could be extracted from the above data 

5 is that the genome size of LV is about 2.5 kb larger than that of EAV. 

The consensus nucleotide sequence of overlapping cDNA clones is shown in figure 1 . The length of the 
sequence is 15,088 basepairs, which is in good agreement with the estimated size of the genomic LV RNA. 

Since the LV cDNA library was made by random priming of the reverse transcriptase reaction with calf 
thymus pd(N)6 primers, no cDNA clones were obtained which started with a poly-A stretch at their 3* end. 

70 To clone the 3 f end of the viral genome, we constructed a second cDNA library, using oligo (dT) and primer 
39U183R in the reverse transcriptase reaction. Primer 39U183R is complementary to LV minus-strand RNA, 
which is likely present in a preparation of RNA isolated from LV-infected cells. This library was screened 
with virus-specific probes (nick-translated cDNA clone 119 and oligonucleotide 119R64R), resulting in the 
isolation of five additional cDNA clones (e.g., cDNA clone 151, Fig. 2). Sequencing of these cDNA clones 

15 revealed that LV contains a 3* poly(A) tail. The length of the poly(A) tail varied between the various cDNA 
clones, but its maximum length was twenty nucleotides. Besides clone 25 and 155 (Fig. 2), four additional 
cDNA clones were isolated at the 5' end of the genome, which were only two to three nucleotides shorter 
than the ultimate 5* nucleotide shown in figure 1. Given this finding and given the way cDNA was 
synthesized, we assume to be very close to the 5* end of the sequence of LV genomic RNA. 

20 Nearly 75% of the genomic sequence of LV encodes ORF 1A and ORF 1B. ORF 1A probably initiates 
at the first AUG (nucleotide position 212, Fig. 1) encountered in the LV sequence. The C-terminus of ORF 
1A overlaps the putative N-terminus of ORF 1B over a small distance of 16 nucleotides. It thus seems that 
translation of ORF 1B proceeds via ribosomal frameshifting, a hallmark of the mode of translation of the 
polymerase or replicase gene of coronaviruses (Boursnell et al., 1987; Bredenbeek et al. 1990) and the 

25 torovirus BEV (Snijder et al., 1990a). The characteristic RNA pseudoknot structure which is predicted to be 
formed at the site of the ribosomal frameshifting is also found at this location in the sequence of LV (results 
not shown). 

ORF 1B encodes an amino acid sequence of nearly 1400 residues which is much smaller than ORF 1B 
of the coronaviruses MHV and IBV (about 3,700 amino acid residues; Bredenbeek et al., 1990; Boursnell et 

30 al., 1987) and BEV (about 2,300 amino acid residues; Snijder et al., 1990a). Characteristic features of the 
ORF 1 B product of members of the superfamily of coronaviridae like the replicase motif and the Zinc finger 
domain can also be found in ORF 1 B of LV (results not shown). 

Whereas ORF 1A and ORF 1B encode the viral polymerase and therefore are considered to encode a 
non-structural viral protein, ORFs 2 to 7 are believed to encode structural viral proteins. 

35 The products of ORFs 2 to 6 all show features reminiscent of membrane (envelope) associated 
proteins. ORF 2 encodes a protein of 249 amino acids containing two predicted N-linked glycosylation sites 
(Table 9). At the N-terminus a hydrophobic sequence, which may function as a so called signal sequence, 
is identified. The C-terminus also ends with a hydrophobic sequence which in this case may function as a 
transmembrane region which anchors the ORF 2 product in the viral envelope membrane. 

40 ORF 3 may initiate at the AUG starting at nucleotide position 12394 or at the AUG starting at nucleotide 
position 1 2556 and then encodes proteins of 265 and 21 1 amino acids respectively. The protein of 265 
residues contains seven putative N-linked glycosylation sites, whereas the protein of 211 residues contains 
four (Table 9). At the N-terminus of the protein of 265 residues a hydrophobic sequence is identified. 

Judged by hydrophobicity analysis, the topology of the protein encoded by ORF 4 is similar to that 

45 encoded by ORF 2 if the product of ORF 4 initiates at the AUG starting at nucleotide position 12936. 
However, ORF 4 may also initiate at two other AUG codons (compare figures 1 and 2) starting at positions 
12981 and 13068 in the sequence respectively. Up to now it is unclear which startcodon is used. Depending 
on the startcodon used, ORF 4 may encode proteins of 183 amino acids containing four putative N-linked 
glycosylation sites, of 168 amino acids containing four putative N-linked glycosylation sites, or of 139 amino 

so acids containing three putative N-linked glycosylation sites (Table 9). 

ORF 5 is predicted to encode a protein of 201 amino acids having two putative N-linked glycosylation 
sites (Table 9). A characteristic feature of the ORF 5 product is the internal hydrophobic sequence between 
amino acid 108 to amino acid 132. 

Analysis for membrane spanning segments and hydrophilicity of the product of ORF 6 shows that it 

55 contains three transmembrane spanning segments in the N-terminal 90 amino acids of its sequence. This 
remarkable feature is also a characteristic of the small envelope glycoprotein M or E1 of several 
coronaviruses e.g. Infectious Bronchitis Virus (IBV; Boursnell et al., 1984) and Mouse Hepatitis Virus (MHV: 
Rottier et al., 1986). It is therefore predicted that the protein encoded by ORF 6 has a membrane topology 
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analogous to that of the M or E1 protein of coronaviruses (Rottier et al., 1986). A second characteristic of 
the M or E1 protein is a so called surface helix which is located immediately adjacent to the presumed third 
transmembrane region. This sequence of about 25 amino acids which is very well conserved among 
coronaviruses is also recognized, although much more degenerate, in LV. Yet we predict the product of LV 

5 ORF 6 to have an analogous membrane associated function as the coronavirus M or E1 protein. 
Furthermore, the protein encoded by ORF 6 showed a strong similarity (53% identical amino acids) with 
VpX (Godeny et al., 1990) of LDV. 

The protein encoded by ORF 7 has a length of 128 amino acid residues (Table 9) which is 13 amino 
acids longer than Vp1 of LDV (Godeny et al., 1990). Yet a significant similarity (43% identical amino acids) 

10 was observed between the protein encoded by ORF 7 and Vp1 . Another shared characteristic between the 
product of ORF 7 and Vp1 is the high concentration of basic residues (Arg, Lys and His) in the N-terminal 
half of the protein. Up to amino acid 55 the LV sequence contains 26% Arg, Lys and His. This finding is 
fully in line with the proposed function of the ORF 7 product or Vp1 (Godeny et al., 1990), namely 
encapsidation of the viral genomic RNA. On the basis of above data, we propose the LV ORF 7 product to 

75 be the nucleocapsid protein N of the virus. 

A schematic representation of the organization of the LV genome is shown in figure 2. The map of 
overlapping clones used to determine the sequence of LV is shown in the top panel. A linear compilation of 
this map indicating the 5' and 3' end of the nucleotide sequence of LV, shown in figure 1, including a 
division in kilobases is shown below the map of cDNA clones and allows the positioning of these clones in 

20 the sequence. The position of the ORFs identified in the LV genome is indicated below the linear map of 
the LV sequence. The bottom panel shows the nested set of subgenomic mRNAs and the position of these 
RNAs relative to the LV sequence. 

In line with the translation strategy of coronavirus, torovirus and arterivirus subgenomic mRNAs it is 
predicted that ORFs 1 to 6 are translated from the unique 5' end of their genomic or mRNAs. This unique 

25 part of the mRNAs is considered to be that part of the RNA that is obtained when a lower molecular weight 
RNA is "subtracted" from the higher molecular weight RNA which is next in line. Although RNA 7 forms the 
3* end of all the other genomic and subgenomic RNAs, and thus does not have a unique region, it is 
believed that ORF 7 is only translated from this smallest sized mRNA. The "leader sequence" at the 5' end 
of the subgenomic RNAs is indicated with a solid box. The length of this sequence is about 200 bases, but 

30 the precise site of fusion with the body of the genomic RNAs still has to be determined. 

Experimental reproduction of MSD 

Eight pregnant sows were inoculated with LA and clinical signs of MSD such as inappetance and 
35 reproductive losses were reproduced in these sows. From day four to day 10-12 post-inoculation (p.i.), all 
sows showed a reluctance to eat. None of the sows had elevated body temperatures. Two sows had bluish 
ears at day 9 and 10 p.i. In Table 6 the day of birth and the number of living and dead piglets per sow is 
given. LA was isolated from 13 of the born piglets. 
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Table 1. 

Description and results of virus isolation of field samples. 
A Samples of piglets suspected of infection with MSD. 



farm 


number 
, of piss_ 


age 
davs 


material used 


results* 




RB 


5 


2 


lung, tonsil, and brains 


5 x LA 




DV 


4 


3 


lung, brains, 

pools of kidney, spleen 


3 x LA 




TH 


3 


3-5 


lung, pools of kidney, tonsil 


3 x LA 




DO 


3 


10 


lung, tonsil 


2 x LA 




ZA 


4 


1 


lung, tonsil 


3 x LA 




VE 


1 


7 


oral swab 


1 X PEV 


2 


TOTAL 


20 






16 x LA, 
1 X PEV 


2 



B Samples of sows suspected of infection with MSD. 



farm 


- number 

of *ows 


material used 


results 




TH 


2 


plasma and leucocytes 


1 x LA 




HD 


5 


plasma and leucocytes 


2 x LA, 


1 X EMCV 


TS 


10 * 


plasma and leucocytes 


6 x LA 




HK 


5 


plasma and leucocytes 


2 x LA 




LA 


6 


plasma and leucocytes 


2 X LA 




VL 


6 


serum and leucocytes 


5 x LA 




TA 


15 


serum 


11 x LA 




LO 


4 


plasma and leucocytes 


2 X LA 




JA 


8 


plasma and leucocytes 


8 x LA 




VD 


1 


plasma and leucocytes 


1 X LA 




VW 


1 


serum 


1 X LA 




TOTAL 


<?3 




■41 X LA, 


1 X EMCY 



* Results are given as the number of pigs from which the 

isolation was made. Sometimes the isolate was detected in more 

then one sample per pig, 

LA • Lelystad agent 

PEV 2 - porcine entero virus type 2 

EMCV » encephalomyocarditis virus 
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Table 2. 

Description and results of virus isolation of samples of pigs 
with experimentally induced infections . 



55 OW 




Tna^ai'i a 1 n eorl 


results* 




A (LO) # c 835 


lung, tonsil 


2 


x 


LA 








r« QIC 
C OJ D 


nasal swabs 


2 


X 


PEV 


7 






c 837 


nasal swabs 












S (jA] 


_ on c 
C OZD 


lung, tonsil 














c 821 


nasal swabs 


1 


X 


PEV 


7 






C oZJ 


nasal swabs 


4 


X 


PEV 


7 




C ( JA) 


c 833 


1 uncr . tonsil 


1 


X 


LA, 


1 


x PEV 7 




c 832 


nasal swabs 


2 


X 


PEV 


7 






c 829 


nasal swabs , plasma 
















and leucocytes 


3 


X 


LA, 


2 


X PEV 7 


D (VD) 


c 816 


lung, tonsil 














c 813 


nasal swabs 


1 


X 


LA 








c 815 


nasal swabs 


1 


X 


PEV 


7 






isolates frcm 


cant act-Bias . — 


7 


JL. 


LAi 




v op; 7 


A 


b 809 
b 817 


nasal swabs 
nasal swabs 












B 


b 818 
b 820 


nasal swabs , plasma 
and leucocytes 
nasal swabs 


1 


X 


LA 






C 


b 822 
b 826 


naaal swabs 
nasal swabs 












D 


b 830 
b 834 


nasal swabs 
nasal swabs 


1 


X 


LA 






TOTAL 


isnlatas-fxanLilQad inoculated pigs , 


2 











fi SPF pigs were either kept in contact (c) with a sow 
suspected to be infected with MSD, or were given 10 ml EDTA 
blood (b) of that sow intramuscularly at day 0 of the 
experiment. Groups of one sow and three SPF pigs (c) were kept 
in one pen, and all four of these groups were housed in one 
stable. At day 6, one SPF pig in each group was killed and 
tonsil and lungs were used for virus isolation. The four 
groups of SPF pigs inoculated with blood (b) were housed in 
four other pens in a separate stable . Nasal swabs of the SPF 
pigs were taken at day 2, 5, 7 and 9 of the experiment, and 
EDTA blood for virus isolation from plasma and leucocytes was 
taken whenever a pig had fever. 

* Results are given as number of isolates per pig. 
LA - Lelystad agent 

PEV 7 - porcine entero virus type 7 

* In brackets the initials of the farm of origin of the sow 
are given . 
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Table 3. 

Identification of viral isolates 

origin and buoyant 1 particle 2 sens 3 , to neutralized by 4 

cell culture density size in chloroform serum directed 

in PcPI ?M fnm) , , again si- t+lj-r*) 

leucocytes 

sow farm HU 1.33 g/ml 28-30 not sens. EMCV ( 1280) 
py-rt;. oy?. cyff ; 

oral swab 

piglet farm VE ND 28-30 not sens, PEV 2 (> 1280) 

SJS£ _ 

nasal swabs, tonsil 

SPF pigs CVI ND 28-30 not sens. PEV 7 (> 1280) 

pk-15. py?, gyq , 

various samples 

various farms 1.19 g/ml pleomorf sens. none (all < 5) 

Pio inner msrrftnhaqpc . 

1) Buoyant density in preformed lineair gradients of CsCl in 
PBS was determined according to standard techniques (Brakke; 
1967) . Given is the density where the peak of infect ivity was 
found. 

2) Infected and noninfected cell cultures of the isolate under 
study were freeze- thawed. Cell lysates were centrifuged for 

30 min at 130,000 g, the resulting pellet was negatively 
stained according to standard techniques (Brenner and Home; 
1959), and studied with a Philips CM 10 electron microscope. 
Given is the size of particles that were present in infected 
and not present in non- infected cultures. 

3) Sensitivity to chloroform was determined according to 
standard techniques (Grist, Ross, and Bell; 1974). 

4) Hundred to 300 TCID S0 of isolates were mixed with varying 
dilutions of specific antisera and grown in the appropriate 
cell system until full CPE was observed. Sera with titres 
higher then 5 were retested, and sera which blocked with high 
titres the CPE were considered specific for the isolate. 

The isolates not sensitive to chloroform were tested with sera 
specifically directed against porcine entero viruses (PEV) 1 
to 11 (courtesy Dr. Knowles, Pirbright, UK) , against 
encephalomyocarditis virus (EMCV; courtesy Dr. Ahl, Tttbingen, 
Germany), against porcine parvo virus, and against swine 
vesicular disease. 

The isolate (code: CDI-NL-2. 91) sensitive to chloroform was 
tested with antisera specifically directed against pseudo- 
rabies virus, bovine herpes virus 1, bovine herpes virus 4, 
malignant catarrhal virus, bovine viral diarrhoea virus, hog 
cholera virus, swine influenza virus H1N1 and H3N2, 
parainfluenza 3 virus, bovine respiratory syncitial virus, 
transmissible gastroenteritis virus, porcine epidemic 
diarrhoea virus, haemaglutinating encephalitis virus, 
infectious bronchitis virus, bovine leukemia virus, avian 
leukemia virus, maedi-visna virus, and with the experimental 
sera obtained from the SPF-pigs (see Table 5) . 
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Table 4 . 

Results of serology of paired field sera taken from sows 
suspected to have MSD. Sera were taken in the acute phase of 
the disease and 3-9 weeks later. Given is the number of sows 
which showed a fourfold or higher rise in titre/number of sows 
tested. 



Farm 


Interval 1 ' 

in weeks 


HAI 


K1N1 




ELISA 


PPV 


BVDV 


HCV 


TH 


3 


0/6 


0/6 


0/6 


0/6 


0/6 


0/5 


0/6 


RB 


5 


0/13 


1/13 


0/13 


1/9 


0/7 


0/6 


0/9 


HD 


4 


0/5 


0/5 


3/5 


0/5 


0/5 


0/5 


0/5 


TS 


3 


1/10 


0/10 


0/10 


0/10 


0/10 


0/4 


0/10 


VL 


3 


0/5 


0/5 


0/5 


0/5 


1/5 


0/5 


0/5 


JA 


3 


0/11 


1/11 


3/11 


0/11 


2/11 


0/11 


0/11 


WE 


4 


1/6 


1/6 


1/6 


3/7 


3/7 


0/7 


0/7 


GI 


A 

4 


f\ / A 

0/4 


1 / A 

1/ 4 


I A 


U/ H 




O /A 




SE 


5 


0/8 


0/8 


0/8 


0/8 


0/6 


0/3 


0/8 


KA 


5 


0/1 


0/1 


0/1 


0/1 


0/1 


ND 


0/1 


HO 


3 


1/6 


0/5 


1/6 


0/6 


0/6 


0/6 


0/6 


NY 


4 


0/5 


1/5 


1/5 


0/3 


0/4 


0/2 


0/4 


JN 


3 


0/10 


5/10 


0/10 


0/10 


1/10 


0/10 


0/10 


KO f 


3 


1/10 


0/10 


0/10 


0/10 


2/10 


0/10 


0/10 


OE 


9 


ND 


ND 


ND 


0/6 


0/6 


0/6 


0/6 


LO 


6 


ND 


ND 


ND 


0/3 


0/3 


0/2 


0/3 


WI 


4 


ND 


ND 


ND 


0/1 


1/1 


0/1 


0/3 


RR 


3 


ND 


ND 


ND 


1/8 


0/8 


0/8 


0/8 


RY 


4 


ND 


ND 


ND 


0/3 


0/4 


0/3 


0/4 


BE 


5 


ND 


ND 


ND 


0/10 


0/10 


0/10 


0/10 


BU 


3 


ND 


ND 


ND 


1/6 


0/6 


0/6 


0/6 


KR 


3 


ND 


ND 


ND 


1/4 


0/4 


0/4 


0/4 


KW 


5 


ND 


ND 


ND 


0/10 


0/10 


0/10 


0/10 


VR 


5 


ND 


ND 


ND 


1/6 


0/6 


0/6 


0/6 


HU 


4 


ND 


ND 


ND 


1/4 


0/3 


0/3 


0/4 


ME 


3 


ND 


ND 


ND 


0/5 


1/5 


0/5 


0/5 


total 


negative 0 


19 


41 


29 


97 


16 


140 


165 


total positiveP 


77 


48 


62 


55 


131 


1 


0 


total 


sero- 
















converted 3 


4 


10 


9 


9 


11 


0 


0 


total 


t^ested 


.ion. 


99 


100 


161 


158 


141 


...165 



The sera were tested in haemagglutinating inhibition (HAD 
tests for the detection of antibody against haemagglutinating 
encephalitis virus (HEV) , and swine influenza viruses H1N1 and 
H3N2 P in enzyme-linked- imranno sorbent assays (ELISA) for the 
detection of antibody against the glycoprotein gl of 
pseudorabies virus (PRV) , against porcine parvo virus (PPV), 
bovine viral diarrhoea virus (BVDV) , and hog cholera virus 
(HCV) . 
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Table 4 - continued 



Farm 


Interval 
in weeks 


SNT 

EMCV 


.-EMCYi 


D EV2 


PEV21 


PEV7 






IP MA 


TH 


■ 


0/6 


0/6 


0/5 


0/5 


0/6 


0/5 


A J C 

0/6 


6/6 


RB 


5 


1/7 


1/9 


0/6 


2/6 


1/8 


a / c 
0/ O 


A / 1 O 

0/13 


7/9 


HU 


4 


ND 


0/5 


0/5 


0/5 


ND 


a / c 

0/5 


A / e 

0/5 


5/5 


TS 


3 


0/10 


0/10 


0/7 


0/4 


0/10 


0/7 


ND 


10/10 


VL 


3 


ND 


ND 


1/5 


0/5 


ND 


a / e 

0/5 


ND 


5/5 


JA 


3 


0/11 


0/11 


0/11 


0/11 


1/11 


2/11 


a / e 

0/5 


8/11 


WE 


4 


1/7 


1/6 


1/6 


1/7 


1/7 


1/7 


0/7 


7/7 


GI 


4 


0/4 


0/4 


0/4 


0/4 


0/4 


0/4 


0/4 


4/4 


SE 


5 


0/8 


0/8 


0/6 


1/8 


0/8 


1/5 


0/8 


6/8 


KA 


5 


0/1 


0/1 


0/1 


0/1 


0/1 


0/1 


0/1 


0/1 


HO 


3 


0/6 


0/6 


0/6 


0/6 


0/6 


A / ^ 

0/6 


0/6 


4/6 


NY 


4 


0/4 


0/4 


0/2 


0/2 


0/4 


0/3 


0/4 


4/4 


JN 




0/10 


0/10 


1/10 


0/9 


0/10 


0/10 


0/10 


5/10 


KG f 




0/10 


0/10 


2/10 


2/10 


1/10 


J/10 


ND 


8/10 


OE 




0/6 


0/6 


I/O 


I/O 








A / C 

*i / D 


LO 


5 


0/3 


0/3 


A / ^ 

0/3 


a. /*5 


U/ J 


u/ o 


wn 
NU 


T / "3 
J/ J 


WI 




ND 


ND 


0/1 


n / i 
U/l 


vrr\ 




Mfl 
HU 




RR 


2 


0/8 


I/O 

1/8 


A 1 O 


A /O 
U/ 0 


u/ a 


n /ft 


\m 
NU 


a / a 
0/0 


RY 


A 
** 


0/4 


ND 


0/4 


0/1 


ND 


1/4 


ND 


1/4 


BE 


5 


ND 


ND 


0/10 


0/10 


ND 


1/10 


ND 


0/10 


BD 


3 


ND 


ND 


0/6 


0/6 


ND 


0/6 


ND 


6/6 


KR 


3 


ND 


ND 


0/4 


0/4 


ND 


0/4 


ND 


1/4 


KW 


5 


ND 


ND 


0/10 


0/10 


ND 


1/10 


ND 


10/10 


VR 


5 


ND 


ND 


0/6 


1/6 


ND 


0/6 


ND 


6/6 


HU 


4 


ND 


ND 


0/3 


0/4 


ND 


0/3 


ND 


3/4 


ME 


3 


ND 


ND 


0/5 


0/5 


ND 


0/5 


ND 


2/5 


total neg. n 


15 


29 


0 


0 


2 


1 


69 


15 


total pos .P 


88 


74 


144 


138 


90 


136 


0 


27 


total sero- 


















c on verted 3 


2 


3 


6 


8 


4 


10 


0 


123 


total tested 


105 


107 


150 


146 


96 


147 


69 


165 



The sera were tested in serum neutralization tests (SNT) for 
the detection of neutralizing antibody directed against 
encephalomyocarditis virus (EMCV) , the isolated (i) EMCV, 
porcine entero viruses (PEV) 2 and 7 and the PEV isolates (i) , 
and against the Lelystad agent (LA) , and were tested in an 
immuno-peroxidase-monolayer-assay (IPMA) for the detection of 
antibody directed against the Lelystad agent (LA) . 

f fattening pigs. i time between sampling of the first and 
second serum. n total number of pigs of which the first serum 
was negative in the test under study, and of which the second 
serum was also negative or showed a less then fourfold rise in 
titre. P total number of pigs of which the first serum was 
positive and of which the second serum showed a less then 
fourfold rise in titre* a total number of pigs of which the 
second serum had a fourfold or higher titre then the first 
serum in the test under study. ND » not done. 
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Table 5 ... 

Development of antibody directed against Lelystad agent as 
measured by IPMA. 



A contact pigs 
Weeks post contact : 
Pier 


serum 
0 


titres 
2 


in 

3 


IPMA 
4 


5 


c 836 


0 


10 


640 


640 


640 


c 837 


0 


10 


640 


640 


640 


c 821 


0 


640 


640 


640 


640 


c 823 


0 


160 


2560 


640 


640 


c 829 


0 


160 


640 


10240 


10240 


c 832 


0 


160 


640 


640 


2560 


c 813 


0 


640 


2560 


2560 


2560 


c 815 


0 


160 


640 


640 


640 



B blood inoculated pigs serum titres in IPMA 



Weeks oost inoculation: 

Pis 


0 


2 


3 


4 


6 


b 809 


0 


640 


2560 


2560 


2560 


b 817 


0 


160 


640 


640 


640 


b 818 


0 


160 


640 


640 


640 


b 820 


0 


160 


640 


640 


640 


b 822 


0 


640 


2560 


2560 


10240 


b 826 


0 


640 


640 


640 


10240 


B 830 


0 


640 


640 


640 


2560 


B R34 


0 


lfiO 


640 


2560 


640 



See Table 2 for description of the experiment. All pigs were 
bled at regular intervals and all sera were tested in an 
imrauno-peroxidase-monolayer-assay (IPMA) for the detection of 
antibody directed against the Lelystad agent (LA) . 
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Table 6 



Experimental reproduction of MSD. 


sow 


length of gestation 


No. of piglets at birth 


No. of deaths 
week 1 


LA 1 in piglets 


alive 


dead 


born dead 


died in week 1 


(number Ab pos) 2 


52 


113 


12(5) 


3(2) 


6 


2 


4 


965 


116 


3(0) 


9(3) 


2 


4 




997 


114 


9(0) 


1(0) 


0 






,1305 


116 


7(0) 


2(0) 


1 






134 


109 


4(4) 


7(4) 


4 


3 




941 


117 


7 


10 








1056 


113 


7(1) 


3(0) 


4 






1065 


115 


9 


2 









1) LA was isolated from lung, liver, spleen, kidney, or ascitic fluids. 
20 2) Antibodies directed against LA were detected in serum samples taken before the piglets had 
sucked, or were detected in ascitic fluids of piglets born dead. 
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Table 7 . 

Reactivity in IPMA of a collection of field sera from Europe 
and North-America tested with LA isolates from the Netherlands 
(NLl and NL2 ) , Germany (GE1 and GE2) , and the United States 
(US1, US 2 and US3) . 



Isolates: 


NL1 


NL2 


GE1 


GE2 


US1 


US2 


US3 


Sera from: 
















The Netherlands 
















TH-187 


3.5 t 


3.5 


2.5 


3.5 








TO-36 


3.5 


3.0 


2.5 


3.0 


- 


1.0 


- 


Germany 
















BE-352 


4.0 


3.5 


2.5 


3.0 


- 


1.5 




BE-392 


3.5 


3.5 


2.5 


2.5 


1.5 


1.5 


0.5 


NI-f2 


2.5 


1.5 


2.0 


2-5 


- 


- 


- 


United Kingdom 
















PA-141&15 


4.0 


3.0 


3.0 


3.5 


■- 


- 




PA-141617 


4.0 


3.5 


3.0 


3.5 


- 


2.5 


2.0 


PA-142440 


3.5 


3.0 


2.5 


3.5 


- 


2.0 


2.5 


Belgium 
















PE-1960 


4.5 


4.5 


3.0 


4.0 


1.5 


- 


- 


Francs, 
















EA-2975 


4.0 


3.5 


3.0 


3.0 


2.0 






EA-2985 


3.5 


3.0 


3.0 


2.5 








United States 
















SL-441 


3.5 


1.5 


2.5 


2.5 


3.5 


3.5 


3.0 


SL-451 


3.0 


2.0 


2.5 


2.5 


3.5 


4.5 


4.0 


AL-RP9577 


1.5 






1.0 


3.0 


4.0 


2.5 


AL-P10814/33 


0.5 


2.5 






2.5 


3.5 


3.0 


AL-4094A 










1.0 


2.0 


0.5 


AL-7525 












1.0 




JC-MN41 










1.0 


3.5 


1.0 


JC-MN44 










2.0 


3.5 


2.0 


JC-MN45 










2.0 


3.5 


2.5 


Canada 
















RB-16 


2.5 




3.0 


2.0 


3.0 


3.5 




RB-19 


1.0 




1.0 




2.5 


1.5 




RB-22 


1.5 




2.0 


2.5 


2.5 


3.5 




RB-23 












3.0 





t ~ titre expressed as negative log; - - negative 
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Table 8. 

Reactivity in IPMA of a collection of experimental sera raised 
against LA and SIRSV tested with LA isolates from the 
Netherlands (NL1 and NL2) , Germany (GE1 and GE2) , and the 
United States <US1, US2 and US3) . 



Isolates : 


NL1 


NL2 


GE1 


GE2 


US1 


US2 


US3 




Sera: 
















ant i- LA: 


















14 dni 


2.5 C 


2.0 


2.5 


3.0 


1.5 


2.0 


1.5 




28 dpi 


4.0 


3.5 


3.5 


4.0 


- 


2.5 


1.5 




42 dpi 


4.0 


3.5 


3.0 


3.5 


1.5 


2.5 


2.0 


23 


14 dpi 


3.0 


2.0 


2.5 


3.0 


1.0 


2.0 


1.0 




28 dpi 


3.5 


3.5 


3.5 


4.0 


1.5 


2.0 


2.0 




42 dpi 


4.0 


4.0 


3.0 


4.0 


- 


2.5 


2.5 


25 


14 dpi 


2.5 


2.0 


2.5 


3.0 


1.5 


2.0 


1.0 




28 dpi 


4.0 


3.5 


4.0 


3.5 




1.5 


2.0 
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Table 9 



Characteristics of the ORFs of Lelystad Virus. 


ORF 


Nucleotides (first-last) 


No. of amino acids 


Calculated size of the 


number of 








unmodified peptide (kDa) 


glycosylation sites 


ORF1A 


212-7399 


2396 


260.0 


3 


ORF1B 


7384-11772 


1463 


161.8 


3 


ORF2 


11786-12532 


249 


284 


2 


ORF3 


12394-13188 


265 


30.6 


7 




12556-13188 


211 


24.5 


4 


ORF4 


12936-13484 


183 


20.0 


4 




12981-13484 


168 


18.4 


4 




13068-13484 


139 


15.4 


3 


ORFS 


13484-14086 


201 


22.4 


2 


ORF6 


14077-14595 


173 


18.9 


2 


ORF7 


14588-14971 


128 


13.8 


1 
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10 Claims 

1. Composition of matter comprising isolated Lelystad Agent which is the causative agent of Mystery 
Swine Disease, said Lelystad Agent essentially corresponding to the isolate Lelystad Agent (CDI-NL- 
2.91) deposited 5 June 1991 with the Institut Pasteur, Paris, France, deposit number 1-1102. 

15 

2. Composition of matter according to claim 1 which comprises killed isolated Lelystad Agent. 

3. Composition of matter according to claim 1 which comprises attenuated isolated Lelystad Agent. 

20 4. Composition of matter comprising a recombinant vector derived from Lelystad Agent as defined in 
claim 1. 

5. Composition of matter comprising an isolated part or component of Lelystad Agent as defined in claim 
1. 

25 

6. Composition of matter comprising isolated or synthetic protein, (poly)peptide, or nucleic acid derived 
from Lelystad Agent as defined in claim 1 . 

7. Composition of matter comprising recombinant nucleic acid which comprises a nucleotide sequence 
30 derived from the genome of Lelystad Agent as defined in claim 1 . 

8. Composition of matter according to claim 7 wherein said recombinant nucleic acid comprises a 
Lelystad Agent-specific nucleotide sequence shown in figure 1 . 

35 9. Composition of matter according to claim 8 wherein said Lelystad Agent-specific nucleotide sequence 
is selected from any one of the Open Reading Frames shown in figure 1. 

10. Composition of matter comprising a (poly)peptide having an amino acid sequence derived from a 
protein of Lelystad Agent as defined in claim 1, the (poly)peptide being produced by a cell capable of 

40 producing it due to genetic engineering with appropriate recombinant DNA. 

11. Composition of matter according to claim 10 wherein said (poly)peptide Comprises a Lelystad Agent- 
specific amino acid sequence shown in figure 1 . 

45 12. Composition of matter comprising an isolated or synthetic antibody which specifically recognizes a part 
or component of Lelystad Agent as defined in claim 1 . 

13. Composition of matter comprising a recombinant vector which contains nucleic acid comprising a 
nucleotide sequence coding for a protein or antigenic peptide derived from Lelystad Agent as defined 

50 in claim 1. 

14. Vaccine composition for vaccinating animals, in particular mammals, more in particular pigs or swines, 
to protect them against Mystery Swine Disease, comprising Lelystad Agent as defined in claim 1 , and a 
suitable carrier or adjuvant. 

55 

15. Vaccine composition according to claim 14 which comprises killed Lelystad Agent. 

16. Vaccine composition according to claim 14 which comprises attenuated Lelystad Agent. 
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17. Vaccine Composition according to claim 14 which comprises a recombinant vector which contains 
nucleic acid comprising a nucleotide sequence coding for a protein or antigenic peptide derived from 
Lelystad Agent. 

18. Vaccine composition according to claim 14 which comprises an antigenic part or component of 
Lelystad Agent. 

19. Vaccine composition according to claim 14 which comprises a protein or antigenic polypeptide derived 
from, or a peptide mimicking an antigenic component of, Lelystad Agent. 

20. Vaccine composition for vaccinating animals, in particular mammals, more in particular pigs or swines, 
to protect them against a disease caused by a pathogen, comprising a recombinant vector derived from 
Lelystad Agent as defined in claim 1, the nucleic acid of the recombinant vector comprising a 
nucleotide sequence coding for a protein or antigenic peptide derived from the pathogen, and a 
suitable carrier or adjuvant. 

21. Diagnostic kit for detecting nucleic acid from Lelystad Agent as defined in claim 1 in a sample, in 
particular a biological sample such as blood or blood serum, sputum, saliva, or tissue, derived from an 
animal, in particular a mammal, more in particular a pig or swine, comprising a nucleic acid probe or 
primer which comprises a nucleotide sequence derived from the genome of Lelystad Agent, and 
suitable detection means of a nucleic acid detection assay. 

22. Diagnostic kit for detecting antigen from Lelystad Agent as defined in claim 1 in a sample, in particular 
a biological sample such as blood or blood serum, sputum, saliva, or tissue, derived from an animal, in 
particular a mammal, more in particular a pig or swine, comprising an antibody which specifically 
recognizes a part or component of Lelystad Agent, and suitable detection means of an antigen 
detection assay. 

23. Diagnostic kit for detecting an antibody which specifically recognizes Lelystad Agent as defined in 
claim 1 in a sample, in particular a biological sample such as blood or blood serum, sputum, saliva, or 
tissue, derived from an animal, in particular a mammal, more in particular a pig or swine, comprising an 
antigenic part or component of Lelystad Agent, and suitable detection means of an antibody detection 
assay. 

24. Diagnostic kit according to claim 23 which comprises a protein or antigenic polypeptide derived from 
Lelystad Agent, or a peptide mimicking an antigenic component of Lelystad Agent. 

25. Diagnostic kit according to claim 23 which comprises killed, live or attenuated Lelystad Agent. 

26. A process for diagnosing whether an animal, in particular a mammal, more in particular a pig or swine, 
is contaminated with the causative agent of Mystery Swine Disease, comprising preparing a sample, in 
particular a biological sample such as blood or blood serum, sputum, saliva, or tissue, derived from the 
animal, and examining whether it contains Lelystad Agent nucleic acid, Lelystad Agent antigen, or 
antibody specifically recognizing Lelystad Agent, said Lelystad Agent being as defined in claim 1 . 

Patentanspruche 

1. Stoffzusammensetzung mit isoliertem Lelystad-Agens, welches das verursachende Agens der Mysterio- 
sen Schweinekrankheit darstellt, wobei das Lelystad-Agens im wesentlichen dem isolierten Lelystad- 
Agens (CDI-NL-2.91) entspricht, welches am 5. Juni 1991 im Institut Pasteur, Paris, Frankreich, unter 
der Nummer 1-1102 hinterlegt worden ist 

2. Stoffzusammensetzung nach Anspruch 1 , 

die getotetes isoliertes Lelystad-Agens umfafit. 

3. Stoffzusammensetzung nach Anspruch t, 

welche abgeschwachtes isoliertes Lelystad-Agens umfafit. 
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4. Stoffzusammensetzung mit einem neu kombinierten Vektor, der von dem Lelystad-Agens gemaB 
Anspruch 1 abgeleitet ist. 

5. Stoffzusammensetzung mit einem isolierten Teil oder einer Komponente des Lelystad-Agens gemaB 
Anspruch 1. 

6. Stoffzusammensetzung mit einem isolierten oder synthetischen Protein, (Poly)-Peptid oder Nucleinsau- 
re, die von dem Lelystad-Agens gemaB Anspruch 1 abgeleitet sind. 

7. Stoffzusammensetzung mit einer neu kombinierten Nucleinsaure, die eine Nucleotidsequenz umfaBt, 
die von dem Genom des Lelystad-Agens gemaB Anspruch 1 abgeleitet worden ist. 

8. Stoffzusammensetzung nach Anspruch 7, worin die neu kombinierte Nucleinsaure eine dem Lelystad- 
Agens spezifische Nucleotidsequenz gemaB Fig. 1 umfaBt. 

9. Stoffzusammensetzung nach Anspruch 8, worin die Lelystad-Agens-spezifische Nucleotidsequenz aus 
einem der in Fig. 1 gezeigten, offenen Leserahmen ausgewahlt ist. 

10. Stoffzusammensetzung, die ein (Poly)-Peptid mit einer von einem Protein des Lelystad-Agens gemaB 
Anspruch 1 abgleiteten Aminosauresequenz umfaBt, wobei das (Poly)-Peptid durch eine Zelle herge- 
stellt worden ist, die in der Lage ist, es durch Gentechnik mit geeigneten, neu kombinierten DNA zu 
produzieren. 

11. Stoffzusammensetzung nach Anspruch 10, worin das (Poly)-Peptid eine in Fig. 1 gezeigte Lelystad- 
Agensspezifische Aminosauresequenz umfaBt. 

12. Stoffzusammensetzung mit einem isolierten oder synthetischen Antikorper, der einen Teil oder eine 
Komponente des Lelystad-Agens nach Anspruch 1 spezifisch erkennt. 

13. Stoffzusammensetzung mit einem neu kombinierten Vektor, der Nucleinsaure mit einer Nucleotidse- 
quenz enthSIt, die fiir ein Protein oder ein Antigenpeptid codiert, das von dem Lelystad-Agens gemaB 
Anspruch 1 abgeleitet ist. 

14. Impfzusammensetzung fiir zu impfende Tiere, insbesondere Saugetiere, vor allem Schweine, urn sie 
von der mysteriosen Schweinekrankheit zu schGtzen, mit Lelystad-Agens gemafi Anspruch 1 und 
einem geeigneten Trager oder Hilfsstoff. 

15. I mpf stoffzusammensetzung gemaB Anspruch 14, die getotetes Lelystad-Agens umfaBt. 

16. I mpf stoffzusammensetzung gemaB Anspruch 14, der abgeschwachtes Lelystad-Agens umfaBt. 

17. I mpf stoffzusammensetzung nach Anspruch 14, die einen Neukombinationsvektor umfaBt, der Nuclein- 
saure mit einer Nucleotidsequenz enthalt, die fiir ein von dem Lelystad-Agens abgeleitetes Protein oder 
ein Antigenpeptid codiert. 

18. Impf stoffzusammensetzung nach Anspruch 14, die einen Antigenteil oder eine Komponente des 
Lelystad-Agens aufweist. 

19. Impfstoffzusammensetzung nach Anspruch 14, die ein Protein oder Antigenpolypeptid aufweist oder ein 
Peptid umfaBt, das eine Antigenkomponente des Lelystad-Agens nachahmt. 

20. Impfstoffzusammensetzung zum Impfen von Tieren, insbesondere Saugetieren, vor allem Schweinen, 
um sie gegen eine von einem Krankheitserreger verursachte Krankheit zu schutzen, die einen von dem 
Lelystad-Agens gemaB Anspruch 1 abgeleiteten, neu kombinierten Vektor enthalt, wobei die Nuclein- 
saure des neu kombinierten Vektors eine Nucleotidsequenz, die fOr ein Protein oder von dem 
Krankheitserreger abgeleitetes Antigenpeptid codiert, und einen geeigneten Trager- oder Hilfsstoff 
umfaBt. 
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21. Diagnosekit zur Feststellung von Nucleinsaure aus dem Lelystad-Agens gemaB Anspruch 1 in einer 
Probe, insbesondere einer biologischen Probe, wie Blut oder Blutserum, Auswurf, Speichel Oder 
Gewebe, die von einem Tier, insbesondere einem Saugetier, speziell einem Schwein, abgeleitet sind, 
welches Kit eine von dem Genom des Lelystad-Agens abgeleitete Nucleotidsequenz und eine geeigne- 
te Feststellungseinrichtung eines Nucleinsaure-Feststellungs-Assay (Testprobe) enthalt. 

22. Diagnosekit zur Feststellung von Antigen aus dem Lelystad-Agens gemaB Anspruch 1 in einer Probe, 
insbesondere einer biologischen Probe, wie Blut oder Blutserum, Auswurf, Speichel oder Gewebe, die 
von einem Tier, insbesondere einem Sauretier, und speziell einem Schwein, abgeleitet sind, welches 
Kit einen Antikorper, der einen Teil oder eine Komponente des Lelystad-Agensspezifisch erkennt, und 
eine geeignete Feststellungseinrichtung eines Antigenfeststellungs-Assay (Testprobe) enthalt. 

23. Diagnosekit zur Feststellung eines Antikorpers, der das Lelystad-Agens gemaB Anspruch 1 in einer 
Probe spezifisch erkennt, insbesondere einer biologischen Probe, wie Blut oder Blutserum, Auswurf, 
Speichel oder Gewebe, die von einem Tier, insbesondere einem Saugetier, und speziell einem Schwein 
abgeleitet sind, welches Kit einen Antigenteil oder eine -komponente des Lelystad-Agens und eine 
geeignete Feststellungseinrichtung eines Antikorperfeststellungs-Assays (Testprobe) enthalt. 

24. Diagnosekit gemaB Anspruch 23, welches ein von dem Lelystad-Agens abgeleitetes Protein oder 
Antigenpolypeptid oder ein Peptid aufweist, welches eine Antigen komponente des Lelystad-Agens 
nachahmt. 

25. Diagnostekit gemaB Anspruch 23, welches getotetes, lebendes oder abgeschwachtes Lelystad-Agens 
enthalt. 

26. Diagnoseverfahren zur Feststellung, ob ein Tier, insbesondere ein Sauretier, und speziell ein Schwein, 
mit dem Verursacheragens der Mysteriosen Schweinekrankheit angesteckt ist, mit folgenden MaBnah- 
men: 

eine Probe, insbesondere eine bioiogische Probe, wie von dem Tier abgeleitetes Blut oder Blutserum, 
Auswurf, Speichel oder Gewebe, wird prapariert, und es wird festgestellt, ob es Nucleinsaure des 
Lelystad-Agens, Antigen des Lelystad-Agens oder das Lelystad-Agens spezifisch erkennende Antikor- 
per enthSIt, wobei der Lelystad-Agens wie in Anspruch 1 definiert ist. 

Revehdications 

1. Composition de matiere comprenant ('agent de Lelystad isole qui est I'agent provocateur de la maladie 
mysterieuse des pores, ledit agent de Lelystad correspondant essentiellement a I'agent de Lelystad 
tsole* (CDI-NL-2.91) depose" le 5 juin 1991 aupres de rinstitut Pasteur, Paris, France, nume>o de d£pot 
1-1102. 

2. Composition de matiere selon la revendication 1 , qui comprend de I'agent de Lelystad isole* tue. 

3. Composition de matiere selon la revendication 1, qui comprend de I'agent de Lelystad isole attenue. 

4. Composition de matiere comprenant un vecteur recombinant deVive de I'agent de Lelystad comme 
defini dans la revendication 1 . 

5. Composition de matiere comprenant une partie ou composant isole* de I'agent de Lelystad comme 
defini dans la revendication 1 . 

6. Composition de matiere comprenant un acide nucl&que, un (poly)peptide ou une proline synth&ique 
ou isole, derive de I'agent de Lelystad comme defini dans la revendication i. 

7. Composition de matiere comprenant de I'acide nucleMque recombinant qui comprend une sequence de 
nucleotides, derivee du genome de I'agent de Lelystad comme defini dans la revendication 1 . 

8. Composition de matiere selon la revendication 7, dans laquelle ledit acide nucl^ique recombinant 
comprend une sequence de nucleotides sp^cifique a I'agent de Lelystad, montrSe sur la figure 1. 
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9. Composition de matiere selon la revendication 8, dans laquelle ladite sequence de nucleotides 
sp^cifique a I'agent de Lelystad est choisie parmi Tun quelconque des cadres de lecture ouverts 
montres sur la figure 1. 

10. Composition de mature comprenant un (poly)peptide ayant une sequence d'acides amines d6riv6e 
d'une proline de I'agent de Lelystad comme defini dans la revendication 1, le (poly)peptide etant 
produit par une cellule capable de le produire par genie genetique avec de I'ADN recombinant 
approprie. 

11. Composition de matiere selon la revendication 10, dans laquelle ledit (poly)peptide comprend une 
sequence d'acides amines specifique a I'agent de Lelystad, montree sur la figure 1 . 

12. Composition de matiere comprenant un anticorps synthetique ou isole qui reconnait specifiquement 
une partie ou composant de I'agent de Lelystad comme defini dans la revendication 1 . 

13. Composition de matiere comprenant un vecteur recombinant qui contient de I'acide nucleique compre- 
nant une sequence de nucleotides codant pour une proteine ou un peptide antigenique derive de 
I'agent de Lelystad comme defini dans la revendication 1. 

14. Composition de vaccin pour vacciner des animaux, en particulier des mammiferes, plus particuliere- 
ment des pores ou cochons, pour les proteger contre la maladie mysterieuse des pores, comprenant 
I'agent de Lelystad comme defini dans la revendication 1 , et un adjuvant ou support approprie. 

15. Composition de vaccin selon la revendication 14, qui comprend de I'agent de Lelystad tue. 

16. Composition de vaccin selon la revendication 14, qui comprend de I'agent de Lelystad attenue. 

17. Composition de vaccin selon la revendication 14, qui comprend un vecteur recombinant qui contient de 
I'acide nucleique comprenant une sequence de nucleotides codant pour une proteine ou un peptide 
antigenique derive de I'agent de Lelystad. 

18. Composition de vaccin selon la revendication 14, qui comprend un composant ou partie antigenique de 
I'agent de Lelystad. 

19. Composition de vaccin selon la revendication 14, qui comprend une proteine ou un polypeptide 
antigenique derive de I'agent de Lelystad, ou un peptide imitant un composant antigenique de celui-ci. 

20. Composition de vaccin pour vacciner des animaux, en particulier des mammiferes, plus particulfere- 
ment des pores ou cochons, pour les proteger contre une maladie provoquee par un pathogene, 
comprenant un vecteur recombinant derive de I'agent de Lelystad comme defini dans la revendication 
1, I'acide nucleique du vecteur recombinant comprenant une sequence de nucleotides codant pour une 
proteine ou un peptide antigenique derive du pathogene, et un adjuvant ou support approprie. 

21. Lot de diagnostic pour detecter I'acide nucleique de I'agent de Lelystad comme defini dans le 
revendication 1 dans un echantillon, en particulier un echantillon biologique, tel que du sang ou du 
serum sanguin, une expectoration, de la salive, ou un tissu, derive d'un animal, en particulier un 
mammifere, plus particulierement un pore ou cochon, comprenant un amorceur ou sonde d'acide 
nucleique qui comprend une sequence de nucleotides d£riv6e du genome de I'agent de Lelystad, et 
des moyens de detection appropries d'un test de detection d'acides nucleiques. 

22. Lot de diagnostic pour detecter un antigene a partir de I'agent de Lelystad comme defini dans la 
revendication 1 dans un echantillon, en particulier un echantillon biologique, tel que du sang ou du 
serum sanguin, une expectoration, de la salive ou un tissu, derive d'un animal, en particulier un 
mammifere, plus particulierement un pore ou cochon, comprenant un anticorps qui reconnait specifi- 
quement une partie ou composant de I'agent de Lelystad, et des moyens de detection appropries d'un 
test de detection d'antigene. 
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23. Lot de diagnostic pour detector un anticorps qui reconnaft specif iquement I'agent de Lelystad comme 
d6fini dans la revendication 1 dans un £chantilion, en particulier un Gchantillon biologique, tel que du 
sang ou du serum sanguin, une expectoration, de la salive ou un tissu, derive d'un animal, en 
particulier un mammifere, plus particulierement un pore ou cochon, comprenant un composant ou 
partie antig£nique de I'agent de Lelystad, et des moyens de detection appropri^s d'un test de detection 
d'anticorps. 

24. Lot de diagnostic selon la revendication 23, qui comprend une proteine ou polypeptide antigenique 
derive* de I'agent de Lelystad, ou un peptide imitant un composant antigenique de I'agent de Lelystad. 

25. Lot de diagnostic selon la revendication 23, qui comprend I'agent de Lelystad tue, vivant ou attenue. 

26. ProcSde pour diagnostiquer si un animal, en particulier un mammifere, plus particulierement un pore ou 
cochon, est contamine par I'agent provocateur de la maladie mysterieuse des pores, comprenant la 
preparation d'un 6chantillon, en particulier un £chantillon biologique, tel que du sang ou du seVum 
sanguin, une expectoration, de la salive ou un tissu, derive de I'animal, et son examen pour savoir s'il 
contient I'acide nucleique de I'agent de Lelystad, I'antigene de I'agent de Lelystad, ou un anticorps 
reconnaissant sp£cifiquement I'agent de Lelystad, ledit agent de Lelystad £tant comme d^fini dans la 
revendication 1 . 
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Fig. 1(1) 



GGGTATTCCCCCTAC^TAC^CGACACTC 6 0 

25 

Ar.rrnrrzrrrr*rrrr<T*rcwrrrtt 120 

GAGTGCGCCGCCT3CTGCTCCCTTGCAGCGGGAAGGACCTCC 180 

ACCTGCTTTACGGGATCTCCACCCTCT 240 

ORFlA M S G T F S R C M C 10 

CACCCOSGCTGCCCGGGTATTITCGAACGCCGGCCAAGTC^ 300 

T P A A R V F W N A G Q V F C T R C h S 30 

TGCGCGGTCTCTIOTCTCrCCAGAGCT^ 360 

A R S L L S P E L Q D T D L G A V G L F 50 

TTACAAGCCTAGGGACAAGCTTCACTGGAAAGTCCCTATC 420 

Y K P R D K L H W K V P I G I P Q V E C 70 

TACTCCATCCGGGTXXriX3TO 4 80 

TP SGCCWLSA V FPLARMTS G 90 

CAATCACAACTTCCTCCAACXjACIT^ 540 

N H N F L Q R L V K V A D V L Y R D G C 110 

C1TGGCACOTCGACACCTTCGTGAACTCCAAG 600 

L A P R H L R E L Q V Y E R G C N W Y P 130 

GATCACGGGGCCCGTGCCCGGGATGGGTTTGTTTOCGAACTCC^ 660 

I T G P V P G M G L F A N S M H V S D Q 150 

GCCGTTCCCTCGTGCCACCCATGTGTTCACT 720 

P F PGATH V LT N S P LP QQAC R 170 

GCAGCCX3TTCTCTCCATTTGAGGAGGCT 7 80 
QPF CPFEEAHS S VYRW KK FV 190 

GGTTITC^CGGACTCCTCCCTCAACGGTCG^ 840 

V F TD S S L N G R S RMMW T P E S D 210 

TGATTCAGCCGCCCTGGAGGTACTACCX3CCT 900 

D S A A L E V L P P E L E R Q V E I L I 230 

TCGGAGTITrCCTGCTCATCACCCTGTGGACCroGCCC^^ 960 

R S F P A H H P V D L A D W E L T E S P 250 

TGAGAACGGTTTTTCCTTCAACAC^^ 1020 
E N G F S F _U_ TS HS CGH LVQNPD 270 
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Fig. 1(2) 



CGTGTTTGATGGCAAGTGCTGGCTCTCClTi^ 1080 

V F D G K CW L S C F L G Q S V E VR C 290 

CCATGAGGAACATCTAGCTGACGCCTTCGGT^^ 1140 
HEEHL ADA FGY QTKWG VHGK 310 

GTACCTCCAGCGCAGGCTTCAAGTrCGCG^ 1200 

Y L Q R R L Q V R G I R A V V D P D G P 330 

CATTCACGTrcAAGCGCTGTCTTGCCCCCAG 1260 

I H V E A L S C P Q S W I R H L T L D D 350 

TGATGTCACCCCAGGATTCGTIX^ 1320 

D V T P G F V R L T S L R I V P N T E P 370 

TACCACTTTCCCGGATCTTTCX3GTITC 1380 

TT SR I FR FGAHK WYGAA GK R 390 

GGCTCGTGCTAAGCGTGCCGCTAAAAGTGAGAAGGATO 1440 

A R A K R A A K S E K D S A P T P K V A 410 

CCTGCCGGTCCCCACCIGTGGAATTA^ 1500 

L PV PT CG I TTY S P PT DG S C G 430 

TTGGCATGTCCTTOCCXK:CATAA^^ 1560 

W H V L A A I M N R M I N G D F T S P L 450 

GACTCAGTACAACAGACCAGAGGATGATTCG 1620 

T Q Y N R P E D D W A S D Y D L V Q A I 470 

TCAATGTCTACGACTGCCTGCTACCGTC 1680 
Q C L R L P ATVVRNR AC P N A K Y 490 

CCTTATAAAACTTAACGGAGTTCACTOGGATC 1740 

L I K L N G V H W E V E V R S G M APR 510 

CTCCCTTICTOSTC^TGTGT^ 1800 

SLSR ECV VGVCS EGCVAPPY 530 

TCCAGCAGACGGGCTACCTAAACGTGCACTCGAGGC 1860 
P ADGL P KRALEAL A S AY RL P 550 

CTCOj ATIIjTGIT AGCTCT 1920 

S D C V S S G.I A D F L A N P P P Q E F 570 

CTC^CCCTCGACAAAATGTTCAC 1980 

W T L D K M L T S P S P E R S G F S S L 590 



34 



EP 0 587 780 B1 



Fig. 1(3) 



GTATAAA1TACTATOAGAGGTTGTTCCGCAAAAATGCGGTC 2040 

Y K L L L E V V P Q K C G A T E G A F I 610 

CTATGCTGTTCAGAGGATGTTX3AA^ 2100 

Y A V E R M L K D CPS S K Q A M A L L 630 

GGCAAAAATTAAAGTTCCATCCTCAAAGGCCCCGTCTGTGTC 2160 

A K I K V P S SKA P S V S L D E C F P 650 

TACGGATGTITTAGCCGACTTCGAGCCAGC^ 2220 

T D V LAD F E P A S Q E R P Q S S G A 670 

A 

TGCTOTTGTCCroTGTrcACCX3GATGCAAA 2280 
AVVL C SPDA KEFEEAA PEEV 690 

TCAAGAGAGTGGCCACAAGGCCGTCCACTC^ 2340 

Q E S G H KAV H S AL L AE G P NN E 710 

GCAGGTAOVGGTGGTTGCOGGTGAGCAACTGAM 2400 

Q V Q V V A G E Q L K L G G C G L A V G 730 

GAATCCTCATCAAGGTGCTCTGGTCrc^^ 2460 

N A H E G A L V S A G L I N L V G G N L 750 

GTCCCCCIO^GACCCCATGAAAGAAAACATC 2520 

S P S D P M K E N M L N S R E D E P L D 770 

TTTGTCCC^CCAGCACCAGCTrc^ 2580 

L S Q P A P A S T T T L V R E Q T P D N 790 

CCO^TTCI^TGCCXXST^ 2640 

P G S D AG A L P V T V R E F V P TG P 810 

TATACICTGTCATGTTGAGCA^ 2700 

I L C H V E H C G T E S G D S S S P L D 830 

TCTATCTOATGCXXAAACCCTGGAC 27 60 

LS DAQTLDQPL L S L A A W P V 850 

GAGGGC^CGO^TCTGACCCTGGCTGG^ 2820 

R A T A S D P G W V H G R R E P V F V K 870 

GCCTCXaAAATGCTrTCTCIK^TGG 2880 

PRNAF SDGD SA LQF G E L S E S 890 
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Fig. 1(4) 



CAGCTCTGTCATCGAGTTTGACC^ 2940 

S S V I E F D R T K D A P V V D A P V D 910 

CITGACGACTTCXaAACGAGGCCCT 3000 

L T T S N E A L S VV D P F E F A E L K 930 

GCGCCCGCGTTTCTCCXXlkCAAGC 3060 

R P R F S A Q A L I D RG G P L A D V H 950 

TGCAAAAATAAAGAAC CGGGTATATGAACAGTGC CTCCAAGCTTGTGAGCCCGGTAGTCG 3120 

A K I K N R V Y E Q C L Q A C E P G S R 970 

TGCAACCCCAGCCACCAGGGAGTGGCTCGACAAAATC 3180 

A T P A T R E W L D K M W D R V D M K T 990 

TTGGCGCTGCACCTCGCAGTTCCAAGCT^ 3240 

W R C T S Q F Q A G R I L A S L K F L P 1010 

TGACATGATTCAAGACACACCGCCTCCTGTTC 3300 

D M I Q D T P. P P V P R K N R A S D N A 1030 

O^CCTGAAGCAACTGGTGGCACAGTCG^ 3360 

G L K Q L V A Q W D R KL S V T P P P K 1050 

ACO^TTCGGCCAGTGCTTCACCAGA^ 3420 

P V G P V L D Q I V P P P T D I Q Q E D 1070 

TGTCACCCCCTCCGATCGGCCACCCCM^ . 3480 

V T P SDG P PH AP DF P S R V S T G 1090 

CGGGAGTTGGAAAGGCCTTATG CTTTTCCGGCACC CGTCTCGCGGGGTCTATCAGCCAGCG 3540 

GSWKG L MLSGT R L A G S I S Q R 1110 

CCTTATGACATGGG riTriU AAGTTTTCTC 3600 

L M T W V F E V F S H L P A F M L T L F 1130 

CTCGCCGCGGGGCTOTATGGCTCCAGGTGATroGTl^ 3660 
S P R G SMA PGD W LFAGV VLLA 1150 

TCTCTTCCTCTGTCGTTCTTAC^ 3720 

L L L C R S Y P I L G C L P L L G V F S 1170 

TGGl"lH l * lTTra CGGCGTGlTQGTCTGGG 3780 

G S L R R V R L G V F G S W M A F A V F 1190 

TirTATTCTCGACrcCATCCAACCCAGT^ 

L FSTPSNPV GS SCDHDS PEC 



3840 
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Fig. K5) 



TCATCXTTCxAGCTITItXXTrCT 3900 

H A E L L A L E Q R Q L W E P V R G L V 1230 

GGTCGGCCCCTCAGGCCTCTTATGTGT^ 3960 

V G P S G L L C V I L G K LLG G S R Y 1250 

TCTCTGGCATGTrCTCCTACGTTTATGCATC 4020 

L W H V L L R L C M L A D L A L S L ■ V Y 1270 

TCTCGTGTCCCAGGGGCGTTGTCACAAGTGTTC^^ 4080 

V V S Q G R C H K C W G K C I R T A P A 1290 

GGAGGTGGCTCTTAATGTATITCCTITCTCGC^ 4140 
E V A L N V F P F S R AT RV S.L V S L 1310 

GTGTGATCGATTCCAAACGCCAAAAGGGGTl^^ 4200 

C D R F Q T P K G V D P V H L A T G W R 1330 

CGGGTGCTGGCGTGGTGAGAGCCCCATCCATC^ 4260 

G C W R G E S P I H Q P H Q K P I A Y A 1350 

CAATITCGATGAAAAGAAAATGTCTGCCCAAAj^ 4320 

N L D E K K MSA Q T V V A V P Y D P S 1370 

TCAGGCTATOU^TGCCTGAAAGTTCTGC^ 4380 

Q A I K C L K V L Q A G G A I V D Q P T 1390 

ACCTGAGGTCGTTCGTGTGTCCGAGATCCCCITC^ 4440 

P EVVR V S E I P F S APF F P KV P 1410 

AGTCAACCCAGATTGCAGGGTTCTGGTAGA^ 4500 

V N P D C R V V V D S D T F V A A V R C 1430 

C 

CGGTTACTCXiJACAGCACAACTGGTTCTGG 4560 

G Y S T A Q L V L G R G N F A K L N Q T 1450 

CCCCCCCAGGAACTCTATCTCGACCAAAACGAOT 4620 

P P R N S I S T K T T G G A S Y T L A V 1470 

GGCTCAAGTGTCTGCXjTGGACTCTTGTOCAT 4680 

A Q V S A W T L V H F I L G L W F T S P 1490 

TCAAGTGTGTGGCCXaAGGAACCGCTGAC CCATGGTGTTCAAATCC"rri"l'XOVTATCCTAC 4740 

QVCGRGTAD PW C S NPFSYPT 1510 

CTATGGCCCCGGAGTIGTGTGCTCCTCTCGACriTCTC 4800 

V G P GVV C S S R L C V S AD G V T L 1530 
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Fig. 1(6) 



GCCATKSTTCTI^AGCCGTG^ 4860 

P L F S A V A Q L S G R E VG I F I L V 1550 

GCTCGTCTCCTIGACTGCTTTGGCCCACGGCAT^ 4920 

L V S L T A L A H R M A L K A D M L V V 1570 

CTTITCGG C * X W 1 ' 1T1U TGCT 4980 

F S A F , C A Y A W P M S S W L I C F F P 1590 

TATACTCTTGAAGTGGGTTACCCTTC^ 5040 

I L L K W V T L H P L T M L W V H S F L 1610 

GGTGTTIT^jTCTCCCAGCAGCCGGCATCCT 5100 

V F C L P A A G I L S L G I T G L L W A 1630 

AATOX5CCGCTITACCCAGGTTGCCGGAATO 5160 

I G R F T Q V A G I I T P YD I H Q Y T 1650 

CTCTGGGCCACGTGGTGCAGCTGCTCTG 5220 

S G P R G A A A V A T A P E G T Y M A A 1670 

O^CXMAGAGCTGCTTOAACTGGGCGW 5280 

V R R A A L T G R T L I F T P S A V G S 1690 

CCTTCTCGAAG GTl^riH C^ 5 3 40 

L L E G A F R T H K P C L N T V N V V G 1710 

CTCTTCCCTTGGTICCXSGAGGTC^ 5400 

S S L G S G G V F T I D G R R T V V T A 1730 

TGCCCATCTGTIGAACGGCGAC^CAGCrAGA^ 5460 

A H V L N G D T A R V T G D S Y N R M H 1750 

CACTTTCAAGACCAATGGTGATrATGCCTGG 5520 

TFKTN GD YAWS HADDWQGVA 1770 

CCC7IGTGGTCAAGGTIXXX3AAGGGGTACCGGTC 5580 
P VVKVAKGYRGRAYWQTST G 1790 

TGTCGAACCCGGTATCMTCGGGAAGGGTTC^ 5640 

V E P G I I G EG FA F C F T N C GD S 1810 

GGGGTCACCCGTCATCTCA3AATCTGGTGAT^ 5700 

G S PV I S E S G DL I G I H TG S N K 1830 

ACITGGTTCTGGTCTTGTGACAACCCC^ 5760 

L G S G L V T T P E G E T C T I K E T K 1850 
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Fig. 1(7) 



GCTCTCTGACCTITCCAGACA^ 5820 

L S D L S R H FAG P S V P L G D I K L 1870 

GAGTCCGGCCATCATCCCK^TGT^ 5880 

S P A I I PDV T S I PS DLAS LLA 1890 

CTCCGTCCCTGTAGTGGAAGGCGGCCTCTCGACCG 5940 

S V PVV EG G L S TV Q L L C V F F L 1910 

TCTCTGGCGCATGATGGGCCATGCCTG^ 6000 

L W R M M G H A W T P I V A V G F F L L 1930 

GAATGAAATTCITCCAGCAGTTTrGGTC CGAGCCGTGTTITCTIT W IXX1ACTCTTIX3TC CT 6060 

N E I L P A V L V R A V F S FAL F V L 1950 

TGCATGGGCCACCCCCTGGTOTGCACAGGTGTTC 6120 

A W A T P W S A Q V L M I R L L T A S L 1970 

CAACCGCAACAAGCTITCTCTOGCGT^^ 6180 

NRNKL SLAFYALGGVVG LAA 1990 

TGAAATCGGGACTTITGCTGGCAGAT^ 6240 

E I G T F A G R L S E L S Q A L S T Y C 2010 

CTTCTrACCTAGGGTCCTTCCTAT^ 6300 

FL PRVL AMTSC VPTI I I GGL 2030 



G 

CCATACCCTCGGTGTGATTCTGTGGTTATI^^ 6360 

HTLGVILWLF KYRCLH N M LV 2050 

TGGTGATGGGAGTTTI^CAAGCGCCTTC 6420 
G DGSFSSA FFLRYF AEGN LR 2070 

AAAAGGTGTITCACAGTCCroTGGCATGAATA^ 6480 

KGVSQ SCGM N ESLTAA LAC 2090 

CAAGTOn^CAGGCTGACCTTGATTTTITC 6540 

KLSQADLDFLS SLTN FK CF V 2110 

ATCTGCrTCAAACATGAAAAATGCT^ 6600 

S A S N M K N A A G Q Y I E A A Y A K A 2130 

CCTCQGCCAAGAGTTCGCCTCTCTAGTTCAGATTC 6660 

LRQ ELAS LVQI DKMKGV LS K 2150 
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Fig. 1(8) 



GCTCGAGGC CTTTC5CIX3AAACAGCCACC CCGTCC 6720 

L E AFAE T A T P S L D I G DV I V L 2170 

GCTTGGGCAACATCCTCACGGATCCATC CTCGATATTAATGTGX3GGACTCAAAGGAAAAC 6780 

LGQHPHG S ILD INVGT ER KT 2190 

TGTGTCCX3TGCAAGAGACCCX^AGCCTAGGCGGCT 6840 

V S V Q E T R S L G G S K F S V C T V V 2210 

A 

GTCCAACACACCOTTGGACGCCITGACCGGCATCCCACTCC^^ 6900 

S N T P V D A L T G I P L Q T P T P L F 2230 

TGAGAATGGTCCGCGTCATCGCAGCGAGGAAGACGATCTTA 6960 

E N G P R H R SEE D D L K V E R M K K 2250 

ACACTCTCTATCCCTCGGCTTCCACAACATCAATGGC^ 7020 

H C V S L G F H N I N G K V Y C K I W D 2270 

CAAGTCTACCGGTGACACCITn 7 080 

K S T G D T F Y T D D S R Y T Q D H A F 2290 

TCASGACAGGTCAGCCGACTAC^^ 7140 

Q D R S A D Y R D R D S E T P V G T V V 2310 

ACAGGGATITGATCCAAAGTCTGAAACCCCTC 7 200 

I G G I T Y Y E G V Q T T P Q Q G F D P 2330 

GTATAACAGGTATCTCATCAAAGGTAAGGAGGTTC^ 7 260 

K N R Y L I K G K E V L VPKPDNCL 2350 

TGAAGCTGCCAAGCTGTCCCTTGAGCAAGCTCTCG 7 320 

E A A KL S L E Q A L AG MG Q T CD L 2370 

TACAGCTGCCGAGGTGGAAAAGCTAAAGCGCATCATTA3 7 380 

T A A E V E K L K R I I S Q L Q G L T T 2390 

ORTlB 

TGAACAGGCITTAAACTOTTAGCOGCCAGCGGCT 
E Q A L N C 
- T G F K L L A A S G L T R C G R G G L 

GTTOTGACTGAAACGGCGGTAAAAATTATAAAATACCACAGC^^ 7 500 

V VTE TA VKI I KY HSRTFT LG 39 

CC7ITTAGACCTAAAAGTCAOTTCCGAGGTGGAGGT 7 560 

P L D L K V T S E V E V K K S T E Q G H 59 



7440 
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Fig. 1(9) 



GCTGTTGTGGCAAACTTATGTTCC 7 620 

A V VAN L C S G V I L MRP H P P S L 79 

GTCGACGTTCTTCTGAAAC CCGGACTIX3 ACACAATAC^ CGGCATTCAACCAGGGCATGGG 7 680 

V D V L L K PGLD T I PGI Q PGH G 99 

GCCGGGAATATGGGCGTGGACGGTTCTATTTGGGATIT 7740 

AGNM GVDG S I W D F E T A P T K A 119 

GAACTCX5AGTTATCCAAGCAAATAATCCAAGCATC 7 800 

E L E L S K Q I I Q A C E V R R G D A P 139 

AACCTCCAACTCCCOTACAAGCTCTATCC^ 7 860 

N L Q L P Y K L Y P V R G D PER H K G 159 

CGCCrrATCAATACC7M3GTTI>3GAGATIT 7 920 

R L I N T R F G D L P Y K T P Q D T K S 179 

GCAATCCACGOGGCTTGTTCCCTGCACCCCAACGGG<^ 7980 

A I H A A C C L H P N G A P V S D G K S 199 

ACAOTAGGTACCACTCTTCAACAll^ 8040 

T L G T T L Q H G F E L Y V P T V P Y S 219 

GTCATGGAGTACCTITiATrCACGC 8100 

V M E Y L D S R P D T P F M C T K H G T 239 

TC CAAGGCTGCTGCAGAGGACCTCGAAAAA 8160 

S K F V L P G V L R L V R R F I F A A A 259 

CCTOGGGTCCTACGCCTAGTACGCAGATTCA^ 8220 

E D L Q K Y D L S T Q G G H I G K A P P 279 

TTGTTCXTCCCATCAACCTATCCCX3CCAAGAACTCT 8280 

LF LPST YPA KNSMAGI NG QR 299 

TTCCCAAC^AAGGAOSTTCAGAGCA 8340 

F PT K D VQ S I PE ID EMCARAV 319 

AAGGAGAATTGGCAAACTCTGACACCTKKZACCCT^ 8400 

K E N W Q T V T P C T L K K Q Y C S K P 339 

AAAACCAGGACCATCCTGGGCACCAACAACTIT^ 8460 

K T R T I L G T N N F I A L A H R S A L 359 

AGTGGTGTCACCCAGGCATTCATGAAGAAGGCTTG^^ 8520 

S G V T Q A F M K K A W K S P I. A L G K 379 
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Fig. 1(10) 



AACAAATTCAAGGAGCTCC^^ 85 8 0 

N K F K E L H C T V A G R C LEAD LA 399 

TCCTGTX^CCGCAGCACCCCCX?CCArrcTAAGATGGTlTC 8640 

S C D R S T P A I V R W ,F V A N L L Y E 419 

CTrcOVGGATGTGAAGAGTACTTGCCTMCTATC 87 00 

L AG C E E Y L P S Y V L N C C H D L V 439 

GCAACACAGGATGGTGCCTTCACAAAACGCGGTGG^ 87 60 

A T Q D G A F T K R G G L S S G D P V T 459 

AGTGTGTCCAACACCGTATATOCACTGGTAATITA 8820 

S V S N T V Y S L V I Y A Q H M V L S A 479 

TTCAAAATGGGTCATGAAATIXMT^^ 8880 

L K M G H E I G L K F L E E Q L K F E D 499 

CTCCTITGAAATTCAGCCTATGTTGGTATACTC^ 8940 

L L E I Q P M L V Y S D D L V L Y A E R 519 

C 

CCCACATTTCCCAATOACa^CTGGTGGGTC 9 000 

P T F P N Y H W W V E H L D L M L G F R 539 

ACGGACCCAAAGAAAACCGTCATAACra 9060 

TD P K K TV I TD K P S F L G C R I E 559 

GCAGGGCGACAGGTAGTCCGCAATCGCGACCGCATCC^ 9120 

AGRQLVPNRDR I L A A LAY H M • 579 

AAGGCGCAGAACGCCTGAGAGTA1TATGCGTCTGCTGC 9180 

K A Q _H_ A S E Y Y A S A A A I L M D S C 599 

GCTIX^ATTCACCATGACCCTGAGTG^ 9240 

ACIDHDPEWYEDLI CGIAR C 619 

GCCCGCCAGGATGGTTATAGCTTCCCAGGTCCGGC 9300 

A R Q D G Y S F P G P A F F M S M W E K 639 

CTOAGAASTCATAATGAAGGGAAaAAATTCCGCC^ 9360 

L R S H N E G K K F R H C G I C D A K A 659 

GACTATGCGTCCGCCTGTGGGCTTGATT^ 9420 

D Y A S A C G L D L C L F H S H F H Q H 679 
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Fig. 1(11) 



C 

TGCCCTGTCACTCTGAGCTGCC^ 9480 

C P V T L S C G H H AGS K E C S Q C Q 699 

TCACCTGTTGGGGCTGGCAGATCCCCT 9540 

S P V G A G R S P L D A V L K Q I P Y K 719 

CCTCCTCGTACTGTCATCATGAAGGTC^ 9600 
p p R T V I M K V G _U_ KTTALDPGR 739 

TACC^TCCCGTCGAGGTCTCGTTGCAGTCAAGAGG 9660 

Y Q S R R G L V A V K R G I A G N E V D 759 

A 

CTTTCTGATGGGGACTACCAAGTGGTGC^^ 9720 

L S D G D Y Q V V P L L P T C K D I N M 779 

GTGAAGGTGGCTTCCAATGTACTACTCAGCA^^ 97 80 

V K V A C.N V L It S K F I V G P P G S G 799 

T 

AAGACCACCTGGCTACTGAGTCAAGTCCAGGATO 9840 

KTTWLLSQVQDDDV IYT PTH 819 

I 

CAGACTA lVrriU ATATAGTCAGTGCTCTC 9900 

QTMF D I V S A L K V C R Y S I P G A 839 

TCAGGACTCCCTTTCCCACCACCTGCCAGGTCC^ 9960 

S G L P F P P P A R S G P W V R L I A S 859 

GGGCACGTCCCTGGCCGAGTATCATACCTCGATGAGGCT^ 10020 

G H V P G R V S Y L D E A G Y C N H L D 879 

AriVnA GA LTGCVrr COU^C^ 10080 

I L R L L S K T P L V C L G D L Q Q L H 899 

CCTGTCGGCTTTOATTCCTACI^^ 10140 

P V G F D S Y C Y V F D Q M P Q K Q L T 919 

ACTATTTACAGATTrGGC C CTAACATCTGCX5CIACG CATC CAGC CTTG TT ACAGGGA3AAA 10200 

T I Y R F G P N I C A R I Q P C Y R E K 939 

CTIGAATCTAAGGCTAGGAACACTAGGGTGG^ 10260 

L E S K A R N T R V V F T T R P V A F G 959 

CAGGTGCTGACACCATACCATAAAGATC 10320 

QVL T P Y H KD R I G S A I T I D S S 979 
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Fig. K12) 



CAGGGGGCCACCTTIGATATrcTG 103 80 

Q G A T F D I V T L H L P S P K S L K 999 

TCCCGAGC^CTTGTAGCCATCAC^^ 10440 

■SRALVAITRARHG L. PIYDPH 1019 

AACCASCTCCAGGAGT'ITITCAAC^ 10500 

N Q L Q E F F N L T P E R T D C N L V F 1039 

AGCCGTGGGGATGAGCTGGTAGTTCTGAATGCGGAT^ 10560 

S R G D E L V V L N A D N A V T T V A K 1059 

GCCCTTCAGACAGGTCCATCTCG^ 10620 

AL E TG P S R F RV S D P R C K S L L 1079 

GCOGCTTGTTCGGCCAGTCTGGAAGGGAGCTGT^ 10680 

A ACS A S L E G S C M P L P Q V A H N 1099 

CTGGGGTTTTACTrTTCCCCXXSACMTC 10740 

L G F Y F S PD S PT FA P L PK E L A 1119 

CCACATTGGCCASTGGTTACCCAC^ 10800 
P HW P VVTH Q N N RAW P D R L VA 1139 

AGTATGCGCCCAATIGATGCCCGCTACAGCAAK 10860 
S M R P I D A RYSKPMVGAGYV V 1159 

GGGCCGTCCAC Cl ' riXJTlTj GT^ 10920 

G P S T F L G T P G V V S Y Y L T L Y I 1179 

AGGGGTGAGCCCCAGGCCTTCCCAGAAACA^ 10980 

R G E P Q A L P E T L V S T G R I A T D 1199 

TCTCGGGAGTATCTOGAGGCXaGCTGAGGAAGAJ^^ 1104 0 

C R E Y L D A A E E E A A K E L P H A F 1219 

ATTCGCGATOTCAAAGGTACCACGGT^^ 11100 

I G D V K G T T V G G C H H I T S K Y L 1239 

CCTAGGTCCCTGCCTAAGGACTCIXnTCCOGTAGTTO 11160 

P R S L P KD S V A V V G V S S P G R A 1259 

GCTAAA^CGTGTGCACTCTCACCGATGTGTACCT 11220 

AKAV CTLTDVYL P ELRPY LQ 1279 

COTGAGACGGCATCT^AAATGCTCGAAACTCA 11280 

P E T A S K C W K L K L D F R D V R L M 1299 
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Fig. K13) 



GTCTGGAAAGGAGCCACCGCCTATTC^ 11340 

V W K G A T A Y F Q L E G L T W S A L P 1319 

C 

GACTATGCCAGGTTTATTCAGCTGCCCAAGGATGCraTTC 11400 

D Y A R F I Q L P K D A V V Y I D P C I 1339 

GGACCGGCAAC^\GCCAACCGTAAGGTOTTGCGAACCAC 11460 

G PATAN R KV V R TTDW RAD L A 1359 

GTGACACOSTATGATTACGGTCrcCA^ 11520 

V T P Y D Y G A Q NIL T T A W F E D L 1379 

GGGCCGCAGTGGAAGATTITX3GGGTIT3CAGCC 1158 0 

G P Q W K I L G L Q P F R R A F G F E N 1399 

ACTCAGGATTGGGCAATCCrraCACGCCCT 11640 

TED W A I L A R R M N D G K D Y T D Y 1419 

AACTCGAACTGTCTTCGAGAACGCC^^ 117 00 

N W N C V R E R P H A I Y G R A R D H T 1439 

TATCATTITGCCCCTGGCACAGAATT^ 117 60 

V H F A P G T E L Q V E L G K P R L P P 1459 

GGGCAAGTCCCGTGAATTCGGGGTC^^ 11B20 

G Q V P - 1463 

0KT2 U Q W G H C G V K S A S 12 

T 

CTGTTCGTGGACGCCITCACI^ 11880 

C S W T P S L S S L L V W L I L P F S L 32 

S 

GCCATA CnXj ' rnXjX SGTTCACajTOGC^^ 11940 

P Y C L G S P S Q D G Y W S F F SEW F 52 

TGCTCCGCGCTTCTCCGTTCGCGCTCTGCC^^ 12000 

A P R F S V R A L P F T L P N Y R R S Y 72 

TGAAGGCTTGTTGCCCAACTGCAGACCGGAT^ 12060 

E G L L P N C R P D V P Q F A V K H P L 92 

C G 

GGGTAl^lUU'llaGCACATGCGAGTITCCCACTO 12120 

GMFWHMRV SHLIDEMVS RR I 112 

V 
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Fig. 1(14) 



TTACCAGACCATGGAACATTCAGGTCA^ 12180 

Y Q T M E H S G Q A A W K Q V V G E A T 132 

TCTCAOGAAGCTGTCAGGGCrCGATATA^ 12240 

L T K L S G L D I V T H F Q H L A A V E 152 

GGOGGATTCTTGCCXXTTITCrcAGOTCAO^ 12300 

A D S C R F L S S R L V M L K N L A V G 172 

CAATGTGAGCCIACAGTAa^ 12360 

N V S L Q Y N T T L D R V E L I F P T P 192 

AGGTAOGAGGCCCAAGTIXaACCGATITCAGA^ 12420 

GTRPKLTDFR QWLI SVHA SI 212 

ORF3 M- A H Q C A R F H 9 

Tm ' IXX TCTGTGGCTO^ 124 80 

FSSVASSVTLFIVLWL RI P A 232 

F F L C G F I C Y L V H S A L A S _JL. S S 29 

TCTACGCTATGTrrTTTGGTTTC^ 12540 

LR YVF GFHW P T AT HH S S - 249 

S T L C F W F P L A H G _H_ T S F E L T I 49 

AACTACACCATATGCATGCCC^^ 12600 

N YT ICMP CST S QA ARQRL EP 69 

GGTCGTAACATCTGGTGCAAAATAGGGC^^ 12660 

GRN MWCKIGHDRCEERDHDE 89 

TTCTTAATGTCCATCCCGTCCG^ 12720 

L L M S I P S G Y D N L K L E G Y Y A W 109 

CTOG CTITlTre TC Cm ^ ^ 127 8 0 

L A F L S F S Y A A Q F H P E L F G I G 129 

AATGTCTOGCGCGTCITCGTGGACAAGCGACAC^ 12 84 0 

N V S R V F V D K R H Q F I C A E H D G 149 

CACAATTCAACCXnATCTACCGGAC^ 12900 

H _H_ S T V S T G HXI SALYAAYY H 169 

CMCAAATAGACGGGGGCAA3TGGTTCCA3Trc 12960 

H Q I D G G N W F H L E W L R P L F S S 189 

OHF4 MAAATL FF 8 
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Fig. 1(15) 



TGGCTGGTGCTCAACATATC^TGGTITCTG^ 13020 

W L V L _JL. ISWF L RRSPVSPVS R 209 

LAGAQ H I M V S EAFA C K P CF S 28 

CGCATCTATCA^TATTGAGACCAAC^ 13080 

RI YQILRPTR PRL PVSW SFR 229 

T HLSDIET M T T A A A G F M V L Q 48 

ACATCAATTGTITCOGACCia^^^ 13140 

T S I V S DLTG S QQR KR KF P S E 249 

D I N C F R P H G V S A A Q E K I S F G 68 

AGTCGTCCCAATGTCX3TGAAGCCGTCGGTACTC 13200 

S R P NVVK P S VL P S T S R - 265 

K S S Q C R E AV G T P Q Y I T I T A J3L 88 

TGAC0GACGAATCATACTTGTACAACX3a^^ 13260 

V T D E S Y L Y N AD L L M L S A C L F 108 

AGGCCTCAGAAATGAGCGAGAAAGGCITCAAAG 13320 

V A S E M S E KG F K V I F G V S G V 128 

aTlVlUCriXilUT CAATITC^^ 13380 

V S A C V W FTDYVAHV TQ H TQQ 148 

ATCATCTGGTAATTGATCACATT^ 13440 

H H L V I D H I R L L H F L T P S A M R 168 

GGGCTACAACCA TllKrri^ 13500 

W A T T I A C L F A I L L A I - 183 

ORF5 MR C S H K 6 

ATTCGGGOTTTTCITOACrc 13560 

L GRFLTPHSCFWWLFL LCTG 26 

CTroTCCTGGTCCTTTCCCX^TGGCAACGGCG^ 13 620 

h S W S FADGNGD S S TYQ YI Y_U 46 

CTIOACGATATGCGAGCTCAATGGGA^ 13 680 

L T ICE L _N_ GT DWLSSHF GWAV 66 

CGAGAC CTl ' lUlrlTXTr TACCOGGTTGCCACTCA^ 137 4 0 

E T F V L Y P VAT H I L S L G F L T T 86 

M^CK m ' i^i ' i^ OGCGCTCG^ 13 800 

S H F F D A L G L G A V S T A G F V G G 106 
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Fig. 1(16) 



GCGGTACGTACTCTGO^CGTCTACGGCGCTTOTC 13860 

R Y V L C S V Y G A C A F A A F V C F V 126 

CATCCGTCXTTCCTAAAAATTGCAT^ 13920 
IRAAK NCM AC RYARTR FTNF 146 

CATTGTGGACGACOX*3GGAGAGTTC^^ 13980 

I V D D R G R V H R W K S P I V V E K L 166 

GGGCAAAGCCGAAGTCGATGX3CAACCTCGTCAC 14 04 0 

G K A E V D G N L V T I K H V V L E G V 186 

TAAAGCTCAACCCTTGAOSAGGACIT^ 14 100 

K A Q P L T R T S A E Q W E A - 201 

OSF6 MGGLDD FC 8 

AACGATCCTATCGCCGCACAAAAGCTCGTGCT^ 14 160 

N D P I A A Q K L V L A F S I T Y T P I 28 

ATGATATACGCCCTTAAGGTGTCACGCGGCCGA 14 220 

M I Y A L K V S R G R L L G L L H I L I 48 

TTTCrcAACTCTTCCTTrACAT^ 14280 

F L JN_ C S F T F G Y M T Y V H F Q S T N 68 

CGTGTOTCACTTACCCTGGGGGCTGTTC 14340 

R V A L T L. G AVV A L L W G V Y S FT 88 

GAGTCATGGAAGTITATCAC1TCCAGA 14400 

ESWKF I TSRCR LC CL GRRYI 108 

CTGGCCCCTroCCCATCACGTAGAAAGTGCTGC^ 14460 

L A P AH H V E S AA G L H S I S A S G 128 

AACCGAGCATACGCTGTGAGAAAGCCOSGACTA^ 14520 

N R A Y A V R K P G L T S V _H_ G T L V P 148 

GGACTTCGGAGCCTTOTGCTGGGOGGCAAACX^ 14 580 

G L R S L V L G G K R A V K R G V V N L 168 

GTCAAGTATGGCCGGTAAAAACCAGAGCCAGAAGAA 14640 

V K Y G R 173 

ORT7 m A G K _H_ Q S Q K KK K S TAP MG 18 

GAATGGCCAGCCAGTCAAIIO^ACTraTGC 147 00 

NGQ PVNQLC QL LGAM I K SQ R 38 
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Fig. 1(17) 



T 

CCAG CAACCTAGGGGAGGAC^ 14760 

Q Q P R G G Q A K K KK P EK PH FP L 58 

GGCTCCTCAAGATGACATCCGGCACCACC^^ 14 820 

A A E D D.I R H H L T Q T E R S L C L Q 78 

A 

ATCGATCCAGAOSGCTTTCAATCAAGG 14880 

S I Q T A F N Q G A G T A S L S S S G K 98 

GGTCAGTTTTCAGGTTGAGTTrATGCro 14940 

V S F Q V E F M L P V A H T V R L I R V 118 

GACTTCTACATCCGCCAGTCAGGGTGCAAG1T 15000 

TSTSASQGAS - 128 

TGGCGTGTGGCCTCTGAGTCACCTAT^ 15060 

TTCAGGCAGGAACCATGTGACCGAAATO^^ 15088 
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